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mittc<l  l>y  Hon.  Carroll  I>.  Wright,  chairman  of  tjic  DcpartiiH 
l'>ononiifs  ami  S<M-io|o^y.  of  tho  ('arnoj;io  Iiistitiiti«ui.  I  take  this  oj.jM.r 
timity  to  t'xpH'ss  my  thanks  to  tin-  Institution,  to  Hon.  Carroll  I). 
Wrijjht,  an«l  to  Mr.  Ivlwanl  W.  Parker,  of  Washington,  who  has  Uvn 
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the  mininj;  industry,  for  tiieir  valuable  assLstanre  and  earnest  eoopc«ration. 
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which  h;is  Ikhmi  of  :issistanc<'  in  the  preparation  of  this  work.  I  e.\|)n'S.s 
my  thanks  es|»ecially  to  .Mr.  Dwi^ht  .\.  .lorus.  president  of  the  St.  Joseph 
Ixrad  Co..  .Mr.  liliius  S.  (Jntch,  president  of  the  (Iranhy  .Mining  an<I 
Smelting;  Co..  Hon.  ().  I*.  Austin,  chief  of  the  jiun^au  of  ."statistics  of  the 
Department  of  Commerce  and  I^d)«»r,  .Mr.  David  II.  .Newland.  a.-vsi.stant 
State  peolofii.st  «»f  New  ^'ork,  Mr.  .John  I*.  .Mcany,  manager  of  INnir's 
.Manual  of  Railroads,  and  Mr.  Charles  .M.  Hicks,  mine  sujK'rintendent  f«»r 
tlu'  li<>rtha  .Mineral  Company,  .\ust inville,  \'a.  I  am  particularly  in- 
debted t«)  Mr.  Arthur  S.  Dwijiht,  who  kindly  read  the  chapter  on  mclal- 
lurKy  and  favore»l  me  with  valualile  criticisms  and  sunnestions. 

In  the  preparation  of  this  work  attention  has  Ihtu  directed  espe- 
cially U>  the  features  contributinp  to  the  development  of  lead  and  zinc 
mininp  Jis  imftortant  .sources  of  the  supply  of  the  metals.  Con.se(piently 
many  interesting  historical  records  of  the  early  discovery  of  lead  ore 
and  the  feeble,  spasmodic  attempts  to  mine  it.  arc  dLnmlsscd  with  brief 
n-fercnces.  These  have  l»een  well  <les<ril»e<l  by  W.  H.  I'ulsifer  in  "Notes 
for  a  HLstory  of  I>^a«l."  and  I  have  considen-d  it  unne«*e.ssary  to  jjo  over 
the  .same  ground.  The  early  <ILscoverie.s  an«I  attempts  at  mining  arc  of 
nuich  antirpiarian  interest,  but  of  little  fn»m  the  economic  stand|Miint. 
The  total  pHMluction  of  |ea<I  in  the  Cnited  States  prcvious  t«»  the  nine- 
teenth century  was  insignificant  and  nine  mining!  did  not  liepin  at  all 
until   alMiut   the   miihlle  of  the   nineteenth  century. 

Waltkr  Uk.vton  Ingalla. 

Nrw  York.  Mnrrh   I,  lOOft. 
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INTHODrCTIOX 

Lkad  and  zinc  arr  rI<»soly  nsjioriatod  in  nalurr.  their  orwi  commonly 
occurrinR  in  conjunction,  exi>ccially  their  siil|>hi(ic  on'x.  There  i«  Iojvm 
a»<>riati«»n  of  their  oxidiwd.  or  carlxinat*",  on'.**,  .sirire  in  the  j»n>rex-s  of 
uMtlation  the  original  /.inc  Milphiile  is  coiiverted  fin<t  into  Milpluite.  whirh 
is  very  soluble  and  may  therefore  l>e  leachc<l  away  by  some  action  of 
luiture;  but  in  a  larjje  numU'r  of  (•:L><es,  as  fur  example  at  I>ea<lville,  Colo., 
the  occurrence  <»f  pure  lead-<'arlMinate  ores  alxjve  the  water  level  is  fol- 
lowed by  the  occurrence  of  mixed  lead  aDtl  zinc  stilphides  l>clf)W  the 
water  level.  lioth  lead-sul|)hide  ore  and  zinc-sulphide  ctre  occur  alone, 
but  the  o«MUrrencc  in  :Lss«»ciati<»n  is  more  common,  and  the  imjiortance 
of  the  joint  consideration  (»f  the  two  metals  from  the  in<lustrial  stand- 
point increases  as  the  oxidiwd  ores  are  exhaiisted  and  the  smelters  have 
to  fall  back  on  the  sulphide  ores,  which  have  aln-ady  l)ecf)nK?  by  far  the 
more  imjjortant,  in  the  metallurpy  of  lK)th  lead  and  zinc,  all  over  the 
worUl. 

It  will  l)c  oljscrvcd  from  a  study  of  the  literature  of  economic  Reo|f>py 
that  the  de|x>sit.s  of  Ixith  leatl  and  zinc  ore,  whether  in  associati«m  or 
alone,  form  most  kindly  in  conne<tion  with  a  dolomite  f)r  limestone  cfiuntry 
n»ck.  Most  of  the  great  lead  and  zinc  ore  deposits  of  the  world  occtir  in 
formations  of  those  species  of  rock. 

In  their  metallurgy  there  is  also  an  intimate  .x'^sociation  of  the  two 
metals.  In  the  first  treatment  of  the  ores,  by  jijyjing  «»r  other  metlnnU 
of  separatitm.  there  Is  generally  obtained  a  galena  concentrate,  which 
L'o«s  to  the  lead  smelter  for  the  extracti<»n  f)f  its  lea<l  content,  and  a  blende 
roiirentrate,  whi«-h  g«»es  to  the  zinc  smelter  for  the  extraction  (»f  its  zinc 
content.  With  few  exceptioa**,  the  cnide  ore  has  first  to  be  separate*! 
in  sonw?  such  manner.  The  limitations  of  mechanical  practice  do  not, 
however,  permit  a  clean  separation  <»f  the  minerals  to  l)e  made,  save  in 
rare  instances,  and  the  lead  concentrate  consequently  almost  alwa>T* 
contains  sonie  zinc.  an«l  vice  versa  the  zinc  concentrate  cont:iins  s<»nK» 
lead.  The  presence  of  zinc  w  object ional>le  to  the  lead  smelter  an<l  the 
presence  of  lead  is  objectionable  to  the  zinc  smelter,  but  in  neither  case 
•  i<Ms  the  prr*sence  of  the  other  njetal  in  limite<I  pn»pr>rtion  pre\ent  suc- 
cessful .smelting.  Hut  while  the  lead  smelter  is  lx>un«I  inevitably  to  ltK«e 
all  the  zinc  containH  in  the  lead  ore  that  he  smelts,  the  zinc  smelter 
may  recover  a  large  profjortion  of  the  lead  in  the  zinc  ore.  after  the  zinc 
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itself  has  heeii  extracteil.  Thus  a  very  hir<ic  proportion  of  the  piji  lead 
proiluccd  in  Jk^lj^iuni  is  recovered  from  zine-orc  resichics,  and  tliis  prac- 
tice has  l)ccn  inaiifiuratcd  in  the  United  States  and  is  without  doubt 
destined  to  increase  in  importance. 

Finally,  the  chief  use  for  pig  lead  is  in  the  manufacture  of  white- 
lead  pigment,  and  one  of  the  large  uses  of  zinc  is  in  the  manufacture  of 
white  pigment,  which  in  the  trade  is  a  direct  competitor  of  white  lead. 
But  white  lead  and  zinc  oxide  are  to  a  large  extent  used  in  a  jiigment 
compounded  of  both,  so  that  it  is  conceivable  that  the  lead  and  zinc 
which  existed  originally  in  the  same  ore  deposit,  and  were  mined  and 
separated  l)y  a  common  operation,  might  be  smelted  ])y  a  combination 
process  and  finally  after  conversion  into  finished  products  might  be  mixed 
again  for  use  in  the  arts  and  be  subject  to  common  dissipation  under  the 
action  of  weather  and  time. 

Up  to  1901  it  might  have  been  possible  to  consider  independently 
the  lead  and  zinc  industries  of  the  United  States,  but  from  the  economical 
standpoint  it  will  never  more  be  possible  to  do  so. 

The  existence  of  lead  ore  in  the  territory  that  now  comprises  the 
United  States  became  know^n  in  the  earliest  explorations,  and  mining 
was  quickly  begun  on  such  deposits  as  apfxjared  workable.  In  south- 
eastern Missouri  and  southwestern  Wisconsin,  where  the  discovery  of 
workable  deposits  antedates  all  other  important  discoveries  of  lead  in 
the  United  States,  the  operation  of  the  mines  has  continued  uninter- 
ruptedly up  to  the  present  time,  at  which  Missouri  gives  promise  of  pro- 
ducing more  lead  than  in  all  its  past  history,  while  a  rejuvenation  of 
mining  in  Wisconsin  is  beginning.  There  is  in  these  two  regions  an 
antiquity  of  mining  and  continuity  of  record  that  is  comparable  with  the 
history  of  some  of  the  famous  districts  of  Europe. 

The  history  of  lead  mining  in  the  United  States  is  capable  of  division 
into  epochs,  marked  by  important  discoveries,  or  industrial  develop- 
ments of  determining  effect.  It  is  a  coincidence  that  these  have  occurred 
to  a  considerable  extent  at  decennial  periods.  From  1720  to  1820  the 
total  production  of  lead  was  small  compared  with  the  annual  production 
at  the  present  time.  The  entire  output  during  the  100  years  was  only 
about  one-seventh  the  output  of  a  single  year  at  the  beginning  of  the 
twentieth  century.  It  was  derived  almost  wholly  from  southeastern 
Missouri,  territory  which  did  not  become  a  part  of  the  United  States 
until  the  I^)uisiana  purchase  in  1803.  In  1821  attention  began  to  be 
attracted  to  the  lead  mines  of  Wisconsin,  discovered  many  years  pre- 
viously, possibly  as  early  as  1634,  and  certainly  as  early  as  1658,  but 
unattended  to  becau.se  of  the  Indian  occupancy  of  the  region.  A  few 
years  later  mining  was  in  full  swing,  and  by  1828  the  output  had  become 
important.     The  50    years  from  1821  to    1870  may  be  called  the  Wis- 
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rorisiii  (N'riod  in  U*a*l  tniiiiiiK  in  tin  I  iim.  i  .in.,  i.i«  uiij-r  (xirt  of  tlio 
It'ad  pn>tlM(*(><t  ill  lUv  mtiiitry  liaviii);  Uhmi  (lcri\c<l  fn>iii  it^  iiiiiicM.  A 
pMxl  (leal  of  niiiiiiif;  wils  done  in  .MisHoiiri  (ItiriiiK  tliiM  |)erio<|,  with  a  hlowly 
iiHit'jLsiiiK  prodiirtion,  wliirh  Imwj'vcr  did  not  exceed  .VMM)  t<»iw  jicr  unntiin 
until  after  tlie  »lisrov«Ty  of  tlie  .luplin  «li.strirt  in  ISTA)  and  fell  ••IT  a^aiii 
after  isr»(».  Ip  to  IS71  practirally  all  of  the  lead  pnnliired  in  the  I'nitcd 
States  wjLs  fnuii  non-arj;entifen>us  ore. 

The  ^reat  development  of  the  lea«l  iinlustry  in  the  rnite«l  SlnteM  dut<'9t 
fn)ni  alxnit  is? I.  which  may  l»c  eoiwiden-d  the  U'l^inniiiK  of  the  nrKen- 
tifemuM  |M>riod.  Niimenms  eausi's  eontrihuted  to  the  development  at 
aUtut  that  time,  hut  the  most  im|)ortanl  wxs  the  roinpletion  of  the  Taeific 
railway,  wlii<*h  furnished  an  outlet  t4)  market  for  tlu'  product  td  the  <ire 
pri'viously  (liseovewd  in  I'tah  and  Nevada.  The  ^n-al  on;  dejKwitM  at 
Kun'ka,  Nev..  were  discovered  in  lS(i;).  The  ^reat  lOmma  lode  wjts 
dLseovered  in  Cottonwood  Cafion,  Itah.  in  1S7().  The  Horn  Silver  mine 
at  Frisco,  Itah,  w:us  discovere<l  in  l.s7">.  These  mines  were  the  |)rincipal 
producers  of  lead  in  the  ten  years  IS71-1SS().  The  next  <lecade  wiis  the 
era  of  Lca«lville,  Colo.,  wh(».sc  mines  hat!  already  Ixu-ome  larpe  pn»dueerH 
in  1S7S,  hut  attained  their  maximum  in  ISS'J.  Toward  ISIK)  their  out- 
|)Ut  l>epan  to  wane  materially,  but  during  the  ten  years,  1KS1-1S1M),  they 
produce«l  nearly  '.V.i'  [  «»f  all  the  argentiferous  lead  smelted  in  the  I'nitcd 
States.  The  decade  ISOI  l'.H)0  is  es|x?cially  characterized  l»y  the  ri.'<c  of 
the  mines  of  the  C<eur  d'.Mene.  Idaho,  while  the  dominant  feature  of  the 
decade  U'^inninK  with  l!K)l  is  tlur  consolidation  and  coordination  of 
the  industry. 

The  most  imixirtant  mines  of  lejul  wcirked  in  the  I'nitecl  .States  pre- 
vious  t<»  1S()1  were  in  .Madison,  St.  Fran<;ois.  and  W;u<hinnton  counties 
in  .S4iutlieastern  Mi.-^souri.  Madi.'^on  County,  when'in  the  Mine  la  .Motte 
W.1S  the  only  ppMlucer.  is  credited  with  an  output  of  S(MK)  toas  of  pi^ 
lead  fnmi  I72()  to  IMK);  St.  I"ran(;ois  County  with  '>(K)  tons  from  1710  to 
I.VK);  and  Wiushington  County  with  ^VK)  toas  fnuii  172')  to  1S(K).  During 
the  fiivt  tw(»  deca<les  (»f  the  nineteenth  century,  these  counties  continued 
to  lie  the  chief  pnxlucerw  of  lead,  in  fact  the  sole  pnwlucers  save  for  a 
few  spjiradic  undertaking^  el.»*ewhen\  ancl  the  small  output  of  the  Indiaas 
in  Wiscoasin.  The  .Mi.ssouri  output  fn»m  IS()I  to  iH'Jt)  w;is  al>out  2.'>..'UM) 
toa«*.  an  aveni^e  <»f  a{)|)roximat4'ly  \'2M)  tons  jier  annum.  It  may  Iw 
aH.sumed.  therefore,  that  the  total  pn)du«tion  of  lead  in  the  I'nitefl  StatcM 
fn>m  the  tte^inninf;  of  mining  u|)  to  \S'2\  w.'is  alxtut  4-1  .(NN)  toas.  Fnun 
IH25  t«)  the  present  date  we  |>osseHs  rpasfmal)ly  aerurato  statistics  of 
anntial  pm<iuction.     These  are  given  in  detail  in  the  IkmIv  of  this  treati.se. 

The  history  of  zinc  in  the  Cnited  States  is  much  less  engaging  than 
the  history  of  lead,  partly  l)ecau.sc  it  Is  briefer,  partly  l)ernu.««e  it  displays 
le«J  variety,  being  limited  until  a  few  years  ago  to  com|>arati\Tly  few 
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districts,  and  partly  because  it  is  in  no  way  interwoven  with  the  romance 
of  the  opening  of  the  great  portion  of  the  country  which  lies  west  of  the 
Rocky  Mountains.  Indeed,  the  history  of  zinc  in  the  world  is  relatively 
brief,  dating  only  (so  far  as  we  know)  from  the  beginning  of  smelting 
by  John  Champion  at  Bristol,  England,  in  1740,^  although  there  is  ground 
for  the  belief  that  the  Chinese  previously  knew  and  practised  the  art  of 
smelting,  and  that  the  English  process  was  based  on  information  gained 
in  the  East.  However,  spelter  did  not  become  an  article  of  any  con- 
siderable commercial  importance  in  Europe  until  the  decade  1811-1820. 
Consequently  the  bre^^ty  of  its  industrial  history  in  the  United  States, 
the  whole  of  which  is  comprised  within  the  experience  of  li^•ing  zinc  metal- 
lurgists, is  not  to  be  marveled  at. 

Zinc  was  first  made  in  the  United  States  about  1838,  at  the  Govern- 
ment Arsenal  in  Washington,  from  the  red  zinc  ore  of  New  Jersey,  for 
preparation  of  the  brass  for  the  standard  weights  and  measures  ordered 
bv  Congress.  The  process  was  so  expensive,  however,  as  to  preclude  any 
idea  of  producing  zinc  commercialh'  in  the  same  manner.  The  regular 
manufacture  of  zinc  was  first  undertaken  in  1850  at  Newark,  N.  J.,  by 
Richard  Jones,  but  this  proved  a  failure,  and  attention  was  then  directed 
to  the  manufacture  of  zinc  oxide  straight  from  the  ore,  which  problem 
was  successfully  solved  by  Samuel  Wetherill  in  1851.  Efforts  to  make 
spelter  were  continued,  however,  and  along  toward  1860  works  were 
erected  in  New  Jersey,  Pennsylvania,  and  Illinois,  some  of  which  have 
been  in  regular  operation  ever  since.  The  early  sources  of  ore  supply 
were  the  mines  in  Sussex  County.  X.  J.,  at  FriedensA-ille,  Penn.,  and  in 
Wisconsin,  where  the  presence  of  zinc  must  have  been  known  from  the 
ver\-  beginning  of  lead  mining,  the  two  ores  occurring  in  close  association. 
In  Missouri,  zinc  was  not  made  until  1867,  when  small  works  were  erected 
at  Potosi.  in  Washington  County.  The  mines  of  the  Joplin  district 
became  productive  in  1873,  their  ores  being  shipped  first  to  Illinois  for 
smelting.  Joplin  rapidly  increased  in  importance  and  became  the  source 
of  the  major  part  of  the  zinc  produced  in  the  United  States;  indeed,  at 
the  present  time  it  still  occupies  the  premier  position  among  the  American 
zinc-producing  districts.  The  commercial  history  of  the  zinc  industry 
in  the  United  States  is,  consequently,  to  a  large  extent  the  history  of  the 
Joplin  district. 

1  Authorities  differ  as  to  the  precise  date. 
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\\  nn  I  ho  rvroptioii  of  inm  thcrr  is  ii<»im»  (»f  tlir  useful  iiiftals  s<t  widely 
(li.stril)Utetl  in  the  I'nited  States  us  lead,  aiul  inm  and  eopiwr  are  the 
only  ones  of  whieh  there  is  more  produeed.  In  this  ehapter  it  is  proi>i»s<Mi 
to  descrilK*  i>rie(ly  the  pritjcipal  lead-mining  districts,  the  occurn'nce. 
chararter.  and  ^rade  of  their  <»res  and  the  industrial  fMuiditinns  whieh 
have  affeeted  their  exploitation. 

The  principal  ores  of  lead  are  ^aletia  (lead  sulphide).  <-erii>Mie  (lead 
rarl)onate).  and  an^lesite  (leatl  sulphat<*).  which  rank  in  iin|M»rtance  in 
the  order  nientionc*!.  Iiea<l  ores  an^  as.soriatetl  almost  always  with  the 
ores  of  (»thcr  metals,  ^ah-na  commonly  occurrinj;  with  zinc-hlendo  and 
iron  pyrites,  less  fn'(|uently  with  copiK-r  pyrites,  while  lead  carlM>nato  is 
found  K<*t>frally  with  the  oxi<ies  of  in»n  and  manganese.  I>ea<i  ores  are 
furthermore  almost  invariably  silver-U-aring.  even  the  mineral  ordina- 
rily ealle«l  non-arj:entif<'n»us  having  usually  a  trace  of  the  precious  metal. 
The  terms  argentifen)Us  an<l  non-arKentifen)Us.  indeed.  :us  commonly 
u.soil  with  n's|)ect  t<)  lead  on's.  an*  men'ly  ndative.  and  it  would  not 
\te  e:isy  to  draw  the  dividing  line  U'twe*'!!  the  tw«)  chisses.  unless  at  the 
I)oint  at  which  it  eeji.ses  to  pay  to  extract  the  silver,  which  <if  course 
varies  under  different  conditi<»ns. 

In  iS'j.i,  I  wrote  ;ls  follows:'  "The  ores  eommercially  classed  as  argen- 
tiferotis  (i.r.,  tho.se  whose  silver  c<»ntents  form  an  im|>ortant,  |)erha|is 
the  more  im|Mirtant.  part  of  their  value)  furnish  nearly  two-thirds  of  the 
world's  supply  of  lead.  On  the  other  hand,  a  constantly  incn'it^ing 
amount  of  silver  has  lieen  coming  from  the  silver-lead  smelters  tluring 
the  htst  ten  years,  so  that  the  silver-milling  pnwo-^'s  -  like  amalgama- 
tion and  lixiviation  -  which  U-long  to  the  tnet;illurgy  of  silver  alone 
have  fallen  in  relative  im|iortance.  and  pn»l)altly  more  than  one-half  of 
the  t<»tal  otitput  of  silver  in  the  w«»rld  now  comes  fn»m  the  lead  de>ilver- 
izers.  The  mining  and  metallurgy  of  the  two  metals,  silver  and  lead. 
un«l  the  industrial  eonilitioas  affecting  their  production,  are  so  ritisely 
wiiven  together  that  it  is  difficult  to  coitsider  either  of  them  .nlone." 

Sin<"e  that  time  the  tenden«'V  of  the  silver-milling  pnM-en.M's  to  ilUajv 
|)ear  has  beeoiiic  more  pnmounced;  indeed,  they  may  lie  naui  to  have 
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disappeared  in  the  United  States,  although  they  still  survive  in  Mexico. 
On  the  other  hand  gold  milling  has  been  rejuvenated  in  the  wide-spread 
application  of  the  highly  valuable  cyanide  process,  while  silver-lead 
smelting  has  found  a  mighty  competitor  in  silver-copper  smelting.  Ac- 
cording to  Waldemar  Lindgren,  out  of  a  total  production  of  about  5G,000,- 
000  oz.  of  silver  in  1904,  about  22,000,000  oz.  was  derived  from  the  smelting 
of  lead  ore  (his  classification  of  lead  ore  being  ore  with  upward  of  4.5% 
lead),  16,000,000  oz.  from  copper  ore,  16,000,000  oz.  from  silicious  ore, 
and  2,000,000  oz.  from  zinc  ore.*  It  is  to  be  remarked,  however,  that  a 
large  part  of  the  silicious  ore  and  a  considerable  part  of  the  copper  ore 
are  smelted  along  with  the  lead  ore,  wherefore  their  silver  contents  are 
finally  obtained  by  the  lead  desilverizers. 

The  lead-producing  regions  of  the  United  States  may  l^e  classified  as 
being  of  the  Atlantic  Coast,  Mississippi  Valley,  Rocky  Mountains,  and 
Pacific  Slope,  the  last  including  the  mines  in  California  and  Washington. 
The  mines  of  the  Atlantic  Coast  were  of  importance  in  the  early  history 
of  the  country,  when  the  demand  for  lead  was  small,  but  gauged  by  modern 
standards  they  were  never  aught  but  insignificant.  Nor  have  the  mines 
of  the  Pacific  Slope  been  of  any  special  importance,  with  the  exception 
of  a  single  district  —  Cerro  Gordo,  in  Inyo  County,  California  —  which 
had  a  fitful  prominence. 

Atlantic  Coast 

The  production  of  lead  on  the  Atlantic  Coast,  which  was  never  large, 
has  now  become  insignificant,  and  reference  to  the  localities  where  ores 
have  been  mined  is  chiefly  of  antiquarian  interest.  The  only  mines 
which  have  made  an  output  sustained  through  a  series  of  years  are  those 
near  Rossie,  St.  Lawrence  County,  N.  Y.,  which  were  opened  on  veins 
in  Archaean  gneiss,  carrying  galena  in  a  gangue  of  calcite;  at  Guymard, 
Ellenville,  and  Wurtsboro,  in  the  vicinity  of  Port  Jervis,  N.  Y.,  opened 
on  veins  of  galena,  associated  with  blende,  in  Cambrian  quartzite;  and 
deposits  in  Wythe  County,  Va.,  which  are  described  in  the  division  of 
this  work  relating  to  zinc,  being  more  important  as  a  source  of  zinc  than 
of  lead. 

The  Mississippi  Valley 

The  lead-producing  districts  of  the  Mississippi  Valley  constitute  three 
principal  groups,  viz..  Southeastern  Missouri,  Southwestern  Missouri 
(including  the  southeastern  corner  of  Kansas),  and  Wisconsin-Iowa  (in- 
cluding the  northwestern  corner  of  Illinois).  Lead  is  also  mined  in  the 
Rosiclare  district  in  southern  Illinois,  and  across  the  Ohio  River,  in 
Kentucky;  and  in  central  Missouri;  but  those  deposits  are  commercially 
insignificant.     The  lead  produced  in  the  Mississippi  Valley  is  classed  as 

>  Mineral  Resources  of  the  United  States,  1904,  p.  155. 
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non-argentiferous,  the  silver  content  of  tiie  ores  being  too  low  to  pay  for 
its  extraction,  save  under  special  conditions.  Except  in  southeastern 
Missouri,  the  lead  ores  occur  in  connection  with  zinc  ores,  and  the  latter 
are  at  the  present  time,  as  for  25  years  past,  the  more  important,  where- 
fore description  of  the  deposits  is  put  in  the  division  of  this  work  relating 
to  zinc,  and  only  brief  reference  will  be  made  here  as  to  their  present 
status  in  the  lead  industry. 

Southeastern  Missouri.  —  The  lead  mines  of  this  district  are  the  oldest 
in  the  United  States,  excepting  those  in  the  vicinity  of  Santa  Fe,  N.  M., 
and  Tucson,  Arizona,  which  were  worked  by  the  Spaniards  at  a  very 
early  date,  but  for  silver,  not  for  lead.  There  are  two  classes  of  deposits, 
viz.  (1)  the  fissure  and  pipe  veins,  and  (2)  the  disseminated  ore.  The 
former  class  is  of  ancient  working;  the  latter  is  of  comparatively  recent 
exploitation,  but  commercially  is  the  far  more  important  of  the  two. 
There  is  an  extensive  literature  i^ertaining  to  these  ore  deposits. 

The  disseminated  deposits  are  not  only  the  most  important  sources 
of  lead  in  Missouri,  but  also  are,  with  the  exception  of  the  Coeur  d'Alene, 
the  most  important  of  the  United  States.  They  are  of  comparatively 
recent  exploitation.  The  early  production  of  lead  in  Missouri  was  derived 
from  the  suix^rficial  deposits,  and  the  veins  and  reticulated  deposits  of 
Washington,  Franklin,  Jefferson,  St.  Francois,  and  Madison  counties. 
Their  output  has  been  large  in  the  aggregate,  although  never  large  in  any 
one  year.  They  are  still  mined,  especially  at  Potosi,  Palmer,  and  Valle, 
and  by  methods  which  show  but  little  change  from  those  practised  in  their 
early  history.  For  this  reason  a  detailed  account  of  the  occurrence  of 
the  ores  and  the  methods  of  mining  is  of  particular  value  in  throwing 
light  on  the  conditions  under  which  a  large  part  of  the  domestic  output 
of  lead  previous  to  1871  was  produced.  The  following  account  is  based 
on  notes  of  a  professional  investigation  in  Washington  County  in  1901. 

The  most  important  mining  centers  in  Washington  County  are  Potosi 
and  Palmer.  Tn  both  neighborhoods,  galena  is  found  in  nests  in  the 
red  clay  overlying  the  country-rock,  and  in  place  in  the  country-rock, 
the  latter  being  the  more  important  source  of  the  mineral.  At  Palmer, 
the  ore  in  place  occurs  in  the  form  of  a  network  of  small  channels,  criss- 
cro.ssing  in  all  directions.  Considered  broadly,  the  entire  system  of 
channels  constitutes  an  ore-shoot,  or  run  of  ore,  lying  nearly  horizontally. 
The  network  exists  not  only  on  one  level,  but  on  two  or  three,  and  per- 
haps more,  immediately  underlying.  These  different  horizons  are  con- 
nected by  vertical  crevices,  sometimes  mineralized.  The  formation  may 
be  imagined  as  a  broad  zone  of  fracturing  in  all  directions,  in  which  mineral 
deposition  has  occurred  along  the  crevices  or  joint-planes  in  favorable 
strata  of  the  rock. 

The  channels  of  ore  are  individually  very  small,  l)ut  the  ore  is  pure. 
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except  for  l»:irite,  wliidi  Ls  cjwily  neparate*!.  The  ll»i<kne.s»*  of  tlie  ore 
may  lio  fmni  I  in.  t<>  is  in.,  (K'nutionally  luore;  a  tliickiu^KH  of  12  in.  in 
rnM.«<i«lere<i  very  ^ood  iiii|e«M|.  The  \vi<lth  «»f  the  on*  m:iy  In*  fnun  2  ft. 
to  12  ft.,  hut  it  tIcK's  iii.t  .1  Venice  iMor»'  than  \  ft.,  and  anything  nion*  than 
.'{  ft.  XH  recanted  an  f^iHul  mining  ^niuml.  The  lo<>al  ininern  follow  tlienc 
channels  with  tlu'  sinaliivxt  |N>ssihle  o|ienin^,  the  dirnetL-iMrw  «»f  a  drift 
U-inn  ran-ly  more  than  I  <4  ft.,  iinh'.H.H  the  width  of  the  ore  Lh  in  o\ri-s» 
of  4  ft.  Tlui.s,  in  following  a  l-ft.  channel  df  ore  of  G  in.  average  thick- 
n«'s."^.  th*'  miner  will  Kn-ak  Mi  <n.  ft.  of  ^nuind  and  will  p-t  2  vu.  ft.,  «»r, 
appn»\imat4'ly,  S.'»()  ||).  «»f  on*,  .•i.s.sayinf;  tipward  of  s()' ,'  le:id.  The  length 
<»f  these  channels  Ls  .soinetime.H  very  coitsiderahle,  anioiintini;  to  scvcnil 
humln'd  fe<'t.  Tlie  richnes.s  of  the  ore.  when  found,  is  such  that  it  will 
^tand  the  breaking  of  considerahle  harn'ii  ground  to  ^et  it,  pmvidin^ 
the  fn'(juency  of  the  channels  \tv  suiiicient.  .Vs  U*  the  latter  fact^ir,  the 
ex|¥>rienfe  at  Palmer  is  indie.itive. 

The  niost  productive  mines  at  I'almer  have  U'cn  the  llint  Hill  and 
the  I'arole.  The  fttriner  wjw  discovered  in  .AuRU-st,  1S1M».  In  the  first 
year  of  it.s  exploitation  it  produced  ;ilMiut  ITtiH)  tons  of  ore.  The  area 
of  minerali/ati(»n,  so  far  jus  yet  determined,  i.s  aUmt  .'{00  ft,  wide  and 
.SOO  ft.  long,  hut  the  major  |)ortion  of  the  ore  w:i-s  pot  fn»m  a  tract  200 :■: 
400  ft.,  or,  approximati'ly,  two  acres.  The  ground  wa.s  le:i.se<l  in  lots  of 
7.i  •  7r>  ft.  to  100. '100  ft..  accorditiK  to  depth  (the  shafts  ranged  fnun 
40  to  '.Hi  ft.  in  depth).  The  maxitnum  pntduction  of  a  7ox7'>-ft.  lot 
w:ls  l.iO  tons.  The  maximum  pn»du<tion  of  the  whole  mine  in  a  sin^h* 
nu)nth  w;i.s  al)out  ISO  toas.  which  came  through  ainMit  2.')  shafts,  each 
o|)eratod  by  one  man  on  the  surface  and  two  under^rounil.  The  I*an»le 
mine  w:us  di.scoven'd  in  IST'.J,  and  w;ls  productive  up  to  1S«.»S,  «lurin;; 
which  period  it  is  e.stimated  to  have  yielded,  approxim;it4>ly,  IHKX)  tons 
of  ore.  The  minerali7x>d  area  w:i.s  appniximately  2(MK) >;2tK)0  ft.,  or 
alwiul  '.H)  acres.  The  shallowest  shaft  w:us  22  ft.  in  depth;  the  de<'|n'.xt 
w:i.s  14.')  ft.  The  difTerence  in  depth  is  due  to  the  ri.se  of  the  hill  and  the 
slo|x»  of  the  strata  fnun  one  end  of  the  mine  to  the  other.  Ore  w:ts  foun<l 
in  the  l*an>le  mine  at  .'several  levels.  The  up|H*rmost  wjls  minerali/«'d 
chiefly  with  harite.  The  .s4'<-ond.  which  wjus  .'>  ft.  lower,  wjis  the  mo«<t 
proiluctivc  of  lead  ore.  The  third,  which  w:is  alM»ut  10  ft.  Inflow  the 
s<"c«)nd,  showj'd  jjimxI  ore.  hut  wxs  not  nnirh  worked,  liecause  the  water 
encjjunleriMl  at  that  «lepth  was  more  than  could  U*  handled  l»y  the  mining 
methods  in  vogue.  In  the  I'lint  Hill  nunc  also  three  ore  h<»ri3U)a<*  were 
|)roved.  the  serorid  Iteing  alntul  10  ft.  l»el«>w  the  first,  and  the  third  alxMit 
10  ft    Ih'Iow  the  .Hec«»ntl. 

At  Potosi,  in  Washiiufton  County,  and  at  the  Valle  and  Mammoth- 
Irumet  mines,  in  .lefferson  County,  the  cK-currrnces  (»f  ore  are  «piitr  ?«im- 
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of  zinc  ore  (smithsonite)  they  afford.  The  Bugg  mine,  at  Potosi,  is  cle- 
scribetl  by  Winslow'  as  showing  a  network  of  ore  channels,  following 
the  stratification  of  the  limestone,  which  cross  and  unite  in  all  directions, 
the  width  of  these  channels  being  3  to  10  ft.  and  their  height  generally 
only  a  few  feet,  but  sometimes  as  much  as  20  ft.  Ore  was  worked  in  this 
mine  at  three  horizons,  and  a  noteworthy  feature  was  a  vertical  crevice, 
from  0  to  10  ft.  in  width,  which  traversed  the  workings,  and  was  traceable 
at  the  surface  for  over  a  quarter  of  a  mile.  In  the  Garatee  mines  of  the 
\a\\e  group  there  were  ore  horizons  at  Go,  95,  and  135  ft.,  which  were 
connected  at  some  places  by  vertical  chimneys.  At  the  Valle  mines 
proper  there  were  three  horizons,  the  first  and  second  about  20  ft.  apart, 
and  the  third  about  8  ft.  below  the  second.  At  the  Perry  mine  there 
were  four  horizons,  and  at  the  Bisch  mine  there  were  two.  The  Valle 
mines,  which  are  still  operated,  produce  annually  from  300  to  500  tons 
of  lead  ore  and  1500  to  2000  tons  of  zinc  ore. 

Franklin  County  is  characterized  by  the  occurrence  of  galena  in  ver- 
tical cre\'ices  or  veins,  some  of  which  are  doubtless  fissure- veins.  A 
good  many  of  these  have  been  exploited  on  a  small  scale  in  the  past, 
and  one  of  them,  namely,  the  Virginia  mine,  which  was  the  most  impor- 
tant in  the  county,  was  worked  on  rather  a  large  scale.  This  mine  was 
opened  on  a  fault  fissure,  cutting  vertically  through  magnesian  limestone, 
varying  in  width  from  1  to  15  ft.,  and  filled  with  clay  and  barite  in  which 
galena  was  imbedded,  while  the  galena  sometimes  formed  a  solid  streak. 
At  one  place  in  the  mine,  at  least,  there  was  a  good-sized  body  of  nearly 
pure  galena,  averaging  5  ft.  in  width.  The  mine  was  opened  by  shafts 
from  the  surface  for  a  distance  of  upward  of  2500  ft.  along  the  outcrop 
of  the  vein,  and  two  or  three  deep  shafts  were  sunk,  one  of  them  to  a  depth 
of  480  ft.  The  mine  was  discovered  in  1834,  and  is  said  to  have  produced 
upward  of  13,000  tons  of  ore.  Its  operation  was  intermittent  and  was 
finally  abandoned,  because  of  mismanagement  and  legal  vicissitudes; 
for  many  years  now  the  mine  has  been  idle.  All  of  the  old  shafts  are 
completely  filled,  the  old  workings  are  therefore  inaccessible,  and  there 
is  no  reliable  information  as  to  what  was  their  appearance  when  work 
was  finally  abandoned,  but  the  remains  of  the  old  hoisting  plant,  concen- 
trating mill  and  smelting  furnace  bear  witness  to  the  extent  of  former 
operations. 

At  many  places  in  Washington  County  nests  of  galena  are  found  in 
the  residual  red  clay  overlying  the  region,  and  coasiderable  lead  is  got 
from  them,  but  not  so  much  now  as  formerly.  Similar  deposits  of  barite 
are  worked,  however,  for  a  large  and  increasing  production,  this  region 
having  become  the  most  important  source  of  barite  in  the  United  States. 
The  supply  of  that  mineral  is  limited  only  by  the  distance  of  economical 

»  Report  of  the  Missouri  Geological  Survey,  on  lead  and  zinc,  vols.  VI  and  VII. 
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rartitii;,  since?  tlirn-  ;iri'  i.irizr  iiuMiit  it  ifs  m  uh-  rfiii<>t<r  j«»rtionH  of  the 
c-nutity  which  it  has  not  yet  Ih-i'M  pntlitaltlc  to  touch;  the  uiincM  at 
I'ahiicr.  and  clsewht'n'.  show  a  j;«m>(1  ileal.  This  surfucc  lead  an<i  haritc 
untlonlttrdiy  come  from  the  «|pcay  of  mck  which  «)ncf  contained  Mich 
dc|»o.sits  in  pla<-e  as  an*  f«»und  at   I'aliucT,   I'otosi,  and  cIscwIutu. 

The  lea«l  produition  of  these  small  mines  lh,  in  the  ajyin'^ate,  not 
inconsidcraMc.  In  l!H)I.  according  to  the  statistics  of  tlu'  Stat**  IiL><|ie<tor 
of  licad  and  Zinc  Mino,  the  otit|)ut  of  Jefferson  County,  chiclly  the 
N'allc  mines,  was  701  tons,  of  I'ranklin  County  H^7  tons,  and  of  Wash- 
ington County  1s:M  tons;  a  total  of  .'i.'>4'J  tons.  In  l'.M)2  the  output 
of  Jefferson  County  was  7.'>()  tons,  of  Franklin  \'.H)\)  tons,  and  of  WifhiiiK- 
ton  "JIKM)  tons;  a  t^ital  of  lO.V.J  tons.  The  output  Is  entirely  hi^h-^rade 
on\  most  of  it  lump  galena,  hand  sorted.  There  an;  a  few  lanic  land- 
owners from  who.se  projK'rty  tlu>  major  part  of  the  ore  is  derived.  Their 
practice  is  to  ^ive  parties  «»f  miners  the  rijjht  to  tli^  on  snudi  lots  of  f^n>un<l, 
usually  75x75  ft.  or  l(K)Xl(K)  ft.,  the  miners  having  to  turn  «tver  their 
pnxluct  to  the  company  at  a  fixed  price  jK'r  to»i.  generally  $.{().  when 
lead  is  worth  alwiut  4  c.  at  St.  l>ouis.  The  party  of  miners  usually  com- 
prises three  men.  one  to  work  on  top  and  two  underpn)und.  They  sink 
a  shaft  of  as  small  dimension  ;ls  feasible,  say  .'iiX.'JJ  ft.,  at  an  e-XjieiLsc 
dei>endent  ujxm  the  <lepth  and  the  amount  of  excavation  in  nxk.  The 
cost  is  low.  since  miners  can  lx>  hired  in  the  district  f(»r  SI  jht  day.  and 
they  will  work  chea|K'r  for  them.selves.  In  cases  where  the  c«»mpany 
Ls  pros(x?etinR  «)n  its  own  account,  the  cost  of  sinkinj;  in  clay  is  40  to  .50  c. 
|>er  fofit.  by  contract,  includinj;  the  crihhin^.  In  nx-k,  the  cost  is  $.*{ 
t<»  $.'}  |)er  f«H)t;  in  such  nxk  that  a  proKr(\ss  of  4  ft.  |vr  week  can  Ik.'  made, 
the  cost  is  alwnit  $4  jkt  f<x)t.  After  the  shaft  has  l)een  sunk  arid  ore  has 
lieen  discovered,  the  cost  of  ntininu  p<'r  ton  (»f  on*  dejHMids  chiefly  upon 
the  size  of  the  ore  channel  and  the  distan<e  to  which  it  is  followed.  In 
a  general  way.  the  cost  of  mining  is  $i\  to  $12  [xr  ton.  In  a  channel 
■J  ft.  thi<'k  and  0  ft.  wide,  a  party  of  thnn-  men  produced  IS  tons  (»f  on? 
in  five  «lays.  A  lot  150  ',  \'Ai  ft.,  on  which  a  shaft  70  ft.  deep  w:us  sunk, 
imuluced  fn>m  ore  channels,  varying  fn»m  (i  in.  to  IS  in,  in  thickness 
and  3  ft.  to  (i  ft.  in  width.  2(MI  tons  of  ore.  worth  $(>0(K)  at  the  pit's  mouth, 
at  a  pndit  of  $.5(K)0.  or  for  a  mining  cost  of  $.'»  jier  ton.  A  lot  75x75 
ft.  yielded  I'M)  tons  of  (»re  at  a  mining  cost  of  $<».15  per  ton.  These  were 
except ion.nlly  gixxl  n'sults. 

The  mining  is  <lone  in  a  very  primitive  way.  Hoisting  fn>m  tlepths 
to  nearly  100  ft.  is  d«»ne  hy  haiul;  fn»m  greater  depths,  l»y  hors4^whims; 
hut  then-  an*  few  shafts  mon*  than  100  ft.  de<'p.  When  w.-iter  is  en«<»un- 
teriMl,  o|M'rations  an*  checketl.  The  on*  is  followed  hori7.ont:illy  l>y  making 
the  smallest  |)«>ssil)lc  o|iening  in  which  a  num  can  work,  invsjiective  of 
e»)mfort  or  efliciency.     The  orc  ami  waste  are  dragged  out  to  the  shaft 
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in  a  box,  sometimes  mounted  on  wooden  wheels  runninfj;  on  wooden 
rails,  for  distances  as  jrreat  as  400  ft.  through  a  drift,  following  the  undu- 
lations of  tiie  stratum,  in  which  the  trammer  must  progress  on  his  knees, 
and  wherein  he  can  in  no  place  stand  erect.  A  drift  4  ft.  in  height  is 
consitlered  very  commodious. 

From  the  above  description  of  tiie  ])rimitive  metiiods,  which  still  are 
practised,  it  is  easy  to  i)icture  the  conditions  under  wiiich  lead  was  pro- 
duced in  Missouri  from  the  first  of  the  nineteenth  centur}^  down  to  the 
time  when  the  disseminated  deposits  began  to  be  worked. 

The  disseminated  lead  ore  of  southeastern  Missouri  is  mined  at  Bonne 
Terre,  Flat  River,  Doe  Run,  Mine  la  Motte,  and  Fredericktown.  The 
ore  is  a  magnesian  limestone  impregnated  with  galena  in  crystalline 
grains  from  f^  to  ^  inch  in  diameter,  the  mineralization  occurring  in 
"runs"  or  shoots,  lying  approximately  horizontal,  of  great  size.  At 
Bonne  Terre  there  was  a  stope  nearly  3000  ft.  long,  100  to  200  ft.  wide 
and  25  to  60  ft.  high.*  The  ore-bodies  vary  in  thickness  from  5  to  100 
ft.,  in  width  from  25  to  500  ft.,  and  they  have  exceeded  9000  ft.  in  length.- 
The  Bonne  Terre  ore-body,  which  has  been  the  longest  and  most  ener- 
geticalh'  worked,  has  been  followed  for  a  length  of  nearly  9000  ft.,  has 
produced  350,000  tons  of  pig  lead  and  is  still  far  from  being  exhausted.^ 

The  geological  occurrence  of  these  important  ore  deposits  has  been 
described  in  an  ample  literature.  In  this  work,  consideration  is  limited 
to  the  economic  factors  which  have  determined  their  exploitation. 

The  ore  occurs  in  a  shaly,  magnesian  limestone  of  Cambrian  age. 
There  is  no  vein  structure,  no  crushing  or  brccciation  of  the  enclosing 
rock,  but  the  ore-bodies  have  well  defined  axes  or  courses,  and  remark- 
able reliability  and  persistency.  The  limestone  is  usually  darker,  more 
porous,  and  more  apt  to  have  thin  seams  of  very  dark  (organic)  shale, 
where  it  is  ore-bearing  than  in  the  surrounding  barren  ground.  The 
ore-bodies,  however,  fade  out  gradually,  with  no  sharp  line  between  the 
pay-rock  and  the  non-paying,  and  the  lead  is  rarely,  if  ever,  entirely 
absent  in  any  extent  of  the  limestone  of  the  region.  While  the  main 
course  of  the  ore-bodies  seems  to  be  intimately  connected  with  the  axes 
of  gentle  anticlinal  folds,  numerous  cross-runs  of  ore  that  are  associated 
with  slight  faults  are  almost  as  important  as  the  main  shoots,  and  have 
been  followed  for  5000  ft.  in  length.  These  cross-rims  are  sometimes 
richer  than  the  main  runs,  at  least  near  the  intersections,  but  they  are 
narrower,  and  partake  more  of  the  type  of  vertical  shoots,  as  distinguished 
from  the  horizontal  sheet-form. 

■  W.  P.  Jenney,  "Lead  and  Zinc  Deposits  of  the  Mississippi  Valley,"  Trans.  Am. 
Inst.  Min.  Enp.,  1893. 

-  n.  A.  Wheeler,  "  Notes  on  the  Source  of  the  Southeast  Missouri  Lead,"  Engineering 
and  Mining  Journal,  March  .31,  l'J04.  '■>  Wheeler,  loc.  cit. 


(XVrUUKM'lvS  (»F   LK.VI)  nlli;  ll 

Most  of  tlio  cire-tMxIicM  iHTiir  at.  or  cIom*  to,  the*  l>:u«4>  of  the  linicMtiUM*, 
tuui  fnM{iiLMitly  ill  tlu>  lr:wu«itioii  rork  Iwtwoen  the  uiulerlyini;  Hun(b«torH* 
aiiti  the  liinrstoDc,  thoiiKii  moiih>  iin|Mirtant  ImmIu»(  hiivc  Im*4>ii  foiiiicl  fmiii 
UN)  to  2«N)  ft.  aiNtvu  thr  saruUtonc.  This  iiiak<>M  the  working  <li>|»th  from 
the  Hurfare  vary  fn)tn  150  to  'J.Vi  ft.  for  the  upfx-'r  ore-lxMiicH  t4)  .'WO  to 
.'»()'.)  ft.  «le<'p  to  the  main  or  Iwisal  on'-lxidiej*.  arronliti^  im  emsion  ha.H 
riMnovetl  the  ore-lR'ariuu  liriir>^t<>tn'.  TIm'  thi«'kjif*"<  of  thi*  Intti-r  rarjir*'** 
fn>m  UM)  to  'AH)  ft. 

The  <»re  of  the  eiltirt'  iii>>-<'iniii;itrM  iiimim  t  i-  m  inu  nr.-iui'.  lt>  nmy 
vahie  w  in  its  leatl  content ,  the-  .silver  whirh  it  carries  U'ini;  eonunonly 
t(H)  .small  in  amount  to  pay  for  .separation.  The  minerahzation  ^radi'x 
off  int«>  the  country  rock,  when-fore  the  Uniits  of  the  <»n'-l)o<lieM  are  marked 
chielly  hy  what  it  will  pay  to  mine.  Keduction  in  mining  ami  milling 
e<M*t8  and  impn)vement  in  methoils  have  con.se(|iiently  enahled  a  I<»wcr 
ami  hiwer  grade  of  on*  to  \h}  worked.  .\t  the  pnvsent  time  the  avera*;e 
yii'ld  <»f  the  «»rp  miiMMl  ami  milled  is  alxuit  5' ,'  of  concentrate.  iissayinK 
(>.')' ,'  lead,  or  in  other  wonLs,  out  of  2(HH)  |l».  of  ore  (Wi  Ih.  of  Iea<l  are 
obtained  in  tlie  concentrate.  .A.sstnning  an  extra«'ti»»n  of  S()'\'  of  the 
lead  in  the  crude  on\  this  would  indicate'  a  tenor  of  al)out  SO  Ih.  or  4*  J 
of  lead  |K»r  ton  of  cnidc  ore.  There  is  no  cortsecutive  n'cord  oT  figures 
available  to  indicate  the  grade  of  the  on*  worked  thn>ugh  a  hing  series 
of  years,  hut  the  percentage  was  never  high,  .\ccording  t4»  .MiinnK-.'  the 
average  grade  of  the  ore  mined  at  llonne  Terre  in  1SS7  wius  alMiut  H%  of 
lead.  In  the  n-jiort  of  the  Mi.ssouri  (leological  ."survey.  pre{)an«d  in  1S93, 
it  w:ls  >tat<M|  jis  .'>'  [  lead. 

There  l)eing  no  other  metals  of  gn-atly  significant  value  in  these  ore»*. 
the  pn>fit  in  their  mining  has  Ihhmi  m«»rc»  de|»emlent  ufion  the  |)rice  »>f 
pig  leatl  than  in  any  of  the  other  gn-at  pn)duci!ig  districts  of  the  I'niteil 
Stales.  A  yield  of  (>.">  Ih.  in  the  form  of  galena  concentrate  and  an  ex- 
traction of  \y2.'.V  ',  in  the  smelting  nsiilt  in  a  final  pntdmt  of  (»0  Ih.  <»f 
pig  |>er  ton  of  ore,  corn-spondiiig  to  :i  v.iImc  «>f  $_V  10  when  pig  lead  Is  at 
4  c.  .*<t,  |/»uis. 

In  the  In'st  smelt  in;:  jir.i"  tier  of  n'rmt  time  aUiut  W^J  of  the  lead 
in  these  on's  is  n'coven'd.  gi\ing  a  yield  of  (i.'{.7  ll».  «»f  pig  lead  iwr  ton 
of  ore.     The  cost  of  production  w  ai»|)n>.\injately  its  follows: 

Minitis  nrxi  tnilliig;  SI   10 
Frrtxlit  mi  (Ht.'>  i«in  nt  $1  l<)  o? 

Sntrltinf;.  O.iWi  ton  nt  KV(M)  ui 

Totrtl  ^     : 

Ihjs  corres|»«»n«lH  to  2.7.S  c.  jier  |>ound  of  pig  Irad  dclivcn-il  at  ."^^t  l/'iii^. 
I'ndcr  mon>   f;i\nr:iMe  conditions  jis   to  grade  of  the  ore  and   \\.l^•«•H  of 

•Tnitw.  Am.  Iiut.  Slin.  Knir .  IWN. 
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labor  the  cost  lias  been  as  low  as  2.25  c.  per  lb.  It  is  to  be  remarked, 
however,  that  the  above  figures  do  not  allow  for  any  profit,  or  interest, 
and  no  amortization  on  the  investment,  which  is  necessarily  large.* 

The  successful  exploitation  of  these  deposits  of  low-grade  lead  ore 
is  deix?ndent  upon  cheap  mining  and  milling,  which  im|)lies  the  necessity 
of  operating  on  a  large  scale,  with  the  highest  order  of  mining  and  milling 
machinery.  The  deposits  are  of  such  magnitude  and  proved  permanence 
tiiat  the  investment  of  large  amounts  of  capital  in  plant  has  been  war- 
ranted. This  requirement  has  naturally  made  the  district  one  for  the 
operations  of  large  companies  only,  and  has  put  it  beyond  the  means 
of  small  companies  or  individuals.  With  few  exceptions  the  operations 
are  conducted  on  the  scale  of  1000  tons  of  ore  per  day,  at  least. 

The  conditions  of  the  district  favor  cheap  mining.  The  ore-bodies 
present  great  faces  for  stoping,  and  the  ore  breaks  easily.  No  timbering 
is  required.  The  depths  are  moderate,  varying  from  150  to  500  ft.  Com- 
paratively little  dead-work  is  necessary.  Prospecting  is  largely  done  by 
diamond  drill,  which  the  experience  of  the  district  has  proved  to  be  a 
reliable  guide.  Coal  (from  southern  Illinois)  costs  only  S2.20  per  ton. 
Rates  of  wages  in  1905  were  $1.85  per  nine  hours  for  miners  and  $1.75 
for  shovelers,  but  labor  is  less  efficient  than  in  other  districts  where  wages 
are  higher.  Under  these  conditions  the  cost  of  mining  in  1901  was  about 
$1  per  ton,  including  general  expense  and  delivery  of  the  ore  to  mill. 
Reduction  of-  the  working  time  from  nine  hours  to  eight  hours  in  1903, 
and  deterioration  in  the  character  of  the  work  done,  increased  the  cost 
materially.^ 

The  following  statistics,  taken  from  the  Seventeenth  Annual  Report 
of  the  Lead  and  Zinc  Mine  Inspectors  of  Missouri,  indicate  the  impor- 
tance of  the  disseminated  lead  district  of  Southeastern  Missouri  as  com- 
pared with  the  other  large  lead-producing  districts  of  the  United  States: 

The  Bonne  Terre  mines  (St.  Joseph  Lead  Co.)  from  1869  to  1903, 
both  years  inclusive,  produced  375,000  tons  of  pig  lead.  The  Desloge 
Lead  Co.,  near  Flat  River,  from  1894  to  1903,  produced  73,105  tons  of 
lead  ore.  The  Central  Lead  Co.,  at  Flat  River,  from  1895  to  1903,  pro- 
duced 72,000  tons  of  lead  ore.  The  Doe  Run  Lead  Co.,  at  Flat  River 
and  Doe  Run,  from  1888  to  1903,  produced  154,750  tons  of  lead  ore. 

Taking  the  lead  ore  (concentrate)  as  yielding  an  average  of  60%  in 
pig  lead,  these  four  companies  produced  up  to  the  end  of  1903  about 

•  It  will  be  observed  from  a  subsequent  chapter  that  the  wages  for  labor  rose  largely 
from  1902  to  1907,  and  there  was  a  corresponding  increase  in  the  cost  of  mining.  My 
estimate  of  2.78  c.  per  lb.  as  the  cost  of  producing  lead  is  representative  of  the  con- 
ditions in  1903-190.5.  In  1907  the  cost  was  probably  about  3.5  c.  (See  Engineering 
ami  Mining  Journal,  Jan.  4,  1908.) 

'  Vide  foot-note  on  p.  227;  also  the  section  of  a  subsequent  chapter  on  labor  con- 
ditions. 


(KVl  UUKN('F:s  of   LKAI)  OIIK  13 

4().'>,(NM)  Uhi^  of  pi^  li>a<l,  iuu\  allowing  for  the  out|Mit  of  tlic  Mine  In  MotU* 
and  thrve  com  panics  at  I'lal  Hivrr  whifli  itTjMitly  Itcrnnie  prtMhirlivo, 
it  Lh  saff  to  say  that  tin*  Icail  output  of  tlir  .lisMMiiinatiMl  district  of  Kouth- 
cjustorn  Mlss4»uri  has  Um-u  fully  twice  jw  lar^c  jlh  that  of  iMirt'ka,  Ncv., 
which  wuh  «lLHcovcnMl  alxuil  the  Manic  time.  It  Inu*  liwn  cxroe<|p<l  only 
l»y  the  output  of  I^'adville.  the  ('«rur  d'.Mene  and  NN  "  '  ile 

I>c«adville  an<l   Wiscon-sin    have  ri.s<*n   and   waned,  wnn  i         n, 

like  the  ('<eur  d'Alene.  luus  steadily  increjL«*c«l.  In  I'.KIJ  the  ('<rur  d'Alene 
wiks  t*stiinated  to  have  pntdiucd  '2Vt'  [  of  the  total  lead  output  of  the 
I'nited  Stat*"?*,  aiul  .sotithexstcni  Missouri  1*0',.'  The  lead  pnnl«iction 
of  the  dUscniinatcd  tlistrict  in  IS7.'J  wjlh  alK»ut  '-''»(H)  tons;  in  IS.S,'{,  alMiut 
S500  t4)ns;  in  IS'KJ,  aln.ut  JO.iMH)  tons;  a.,,!  in   I'.KKl.  aln.ut  7(),<KM)  t4»ns.» 

TiIJ:    Kn<  k^     MnrNTMNs     WD    I'mIKH"   SUIPK 

At  the  proMMit  time  the  major  part  of  the  lead  pn»duced  in  the  rnit<»d 
States  is  derived  fn)m  the  ardent iferous  «)rcs  of  the  State's  and  Territoriw* 
west  of  the  Rocky  Mountains,  whon*  tlie  silver-lead  industry  Ix'Kan  to 
attain  importance  witjj  the  discovery  of  the  ^reat  ore  deposits  at  Kureka, 
Nevada,  and  the  completion  of  the  Pacific  railway.  Inith  in  isr>;i.  although 
lead  <»re  had  pnniously  Uvn  n)ined  and  smelte<l  *»n  a  small  :<cale  in  Ari- 
jM^na.  C'olora«lo  and  Montana.  \i  the  same  time,  the  rich  mines  of  Ccrro 
Ciortlo,  Inyo  County,  (.'al.,  l)enan  to  Ik*  largely  proiluctive. 

Tnmhslnnr.  —  The  ores  of  this  district  occtir  in  fissiiro  veins  inter- 
so<tinfj  a  series  «»f  .se«limentary  n»cks.  and  also  in  irn*j;nlar  Uidies  in  lime- 
stone. The  ores  are  of  two  kinds.  (I)  ipnirtx  ores  containing  silver  and 
jjold  with  .s<»me  lead.  whi<h  wen>  tn'ated  l)y  amaljianjation  with  <juick- 
silvcr,  and  (2)  \nisir  orts^,  the  characteristic  of  which  is  manK:tneso.  The 
prcatcKt  fissure  of  the  district  wjls  the  Contention-drand  Centnil  vein. 
Toml>stone  wjis  formerly  a  pnxlucer  <tf  le.id.  the  ore  Umiik  snM'lte«l  locally, 
htit  the  oiitput  wjis  never  "'*  rnn,  l>  .  .,i,.,.,,n,.t.. ,.  ;•)  the  lend  iiidu-try  of 
the  I'nitccl  States. 

I'nlatjtmia.  —  In  the  .M<»ury  mumc  lead  «  arlMui.ito  on*  wjis  found  at  the 
contact  lK'tw(«en  granite  and  limest<»ne.  This  profn-rty  hjis  lately  lieon 
worked,  after  a  long  jieriod  of  i«lleness.  The  mine  is  notew«>rthy  l»eraiwe 
it  w;»s  one  of  the  first  silver-lead  <le|)osits  in  the  far  West  to  !«  worke«l 
by  Americans. 

'  \V  U.  InsnlU,  "  .Soiirrrji  of  I,md  I'rtHliirlion  in  ihr  l*nitnl  Staton,"  F.nginrrring 
atul  M*ntng  Journal,  Nov.  'iX.   I'.MKJ. 

'  H     .\     Whr^'lrr.  "  Note*  on  Iho  ScMim-  i>f  till-  ><iii|IiivimI    Mi^v-.iri   I  .    »!    "  I'turinrrriri.t 

anti  Mintng  Journal,  March  .')l,   lUOI. 
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California 

California  has  afforded  only  one  important  lead-producing  district,  viz. 
Ccrro  CJordo.  in  Inyo  County,  which  made  an  important  output  of  lead  be- 
tween ISGi)  and  1880,  and  develoi^ed  a  thriving  and  instructive  smelting 
industry.  Some  other  lead-producing  districts  were  subsequently  de- 
velojx'il  in  the  same  county,  especially  Darwin,  but  after  the  exhaustion 
of  Cerro  Clordo,  the  output  of  lead  in  California  became  insignificant. 

Ccrro  Gordo.  —  In  a  formation  of  slate  overlying  a  compact,  crystal- 
line limestone,  intersected  by  porjihyries  of  various  character,  veins  of 
silver-lead  ore  occur  in  the  limestone,  or  at  the  contact  between  the 
slate  and  limestone.  The  veins  dip  steeply.  Their  filling  is  quartz  and 
quartzite,  in  which  the  ore  is  found  in  nests,  pockets,  and  irregularly 
shajxid  deposits.  The  ore  was  galena,  anglesite,  and  cerussite,  large 
bunches  of  compact  anglesite  with  a  kernel  of  galena  being  a  common 
occurrence,  and  was  rich  in  both  lead  and  silver.  In  1874  the  Union 
mine  produced  12,171  tons  of  ore  averaging  47%  lead  and  87  oz.  silver 
per  ton.  With  increasing  depth,  the  galena  ore  predominated.  The 
veins  varied  greatly  in  width,  swelling  out  to  40  ft.  in  places,  and  pinching 
almost  to  nothing  in  other  places.  The  Union  mine  was  the  largest  pro- 
ducer and  for  a  while  was  worked  very  profitabl}-. 

Darwin.  —  Veins  of  lead  carbonate  ore,  changing  to  galena,  compara- 
tively rich  in  both  lead  and  silver,  have  been  worked  since  1874,  but  their 
aggregate  production  has  not  been  of  much  impcirtance. 

Colorado 

This  State  was  for  many  years  the  leading  producer  of  lead  in  the 
United  States.  At  present,  although  its  output  of  lead  ore  has  decreased, 
it  still  contains  several  important  lead-smelting  centers,  and  the  quantity 
of  ore  reduced  within  its  borders  is  much  larger  than  the  production  of 
its  own  mines.  Tiiere  is  one  smelting  works  in  regular  operation  at  Den- 
ver, two  at  Pueblo,  one  at  Leadville,  and  one  at  Durango.  A  part  of  the 
bullion  produced  at  those  points  is  desilverized  in  Colorado,  but  the  more 
part  is  shipped  to  eastern  refineries. 

The  greatest  lead-producing  district  of  Colorado  has  been  Leadville. 
Statistics  of  its  output  are  presented  in  another  chapter  of  this  work. 
Other  important  lead-producing  districts  have  been  Monarch,  Aspen, 
Lake  City,  Ten  Mile,  Gunnison,  Georgetown,  Rosita,  Creede,  and  Red 
Cliff. 

Aspen.  —  This  camp  in  Pitkin  County  began  to  produce  a  consider- 
able quantity  of  lead  ore  in  1884,  and  for  several  years  following  made 
rather  a  large  output,  but  the  value  of  its  ores  being  chiefly  in  silver, 
the  mines  to  a  large  extent  became  unprofitable  upon  the  drop  in  silver 
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ill  1S'.K{,  .siiKu  wliicli  tiiiu!  tlicy  iiavi*  Ui'it  "|-  •,.;<  <i  Diily  (»ii  a  .siiiall  Hcalt!. 
The  A.s|»cii  orfj*.  wliicli  wvrv  diiflly  <»f  «)\i«liz4'<|  charartt-r.  ami  iwually 
iu<M<>(*iat(ul  with  limr  aixi  liaryta.  wvw  f»»Minl  n«'iirrally  at  the  iiitiTsortiniis 
of  ft  nvr'ws  of  vrrtical  rni.V'-fault.s  with  lW(»  Um|  faults  in  ('arlM>nif«*n»u.H 
liinestoiu*  aii<l  ilotoinito,  Ixit  alsd  in  |(>h.h  itii|M»rtaiit  <lc|M»sitM,  ulthoiif;h 
ill  hiinihir  rchitioiv^  to  faults,  in  .strata  ImiiIi  older  and  latrr.  The  .\.h|N'Ii 
j»ivs  won-  ('s|HM'ialIy  noteworthy  iKM-aiiso  <if  their  hirjje  |N>r(entaKe  of 
barium  sulphate,  an  ol»jertionai»le  eoiiMtitweiit  fn»m  ihc  smelter'n  .•^taiid- 
imint.  Tluir  teimr  in  l«  .nl  wa.s  not  hish  i\s  a  rule,  and  As|»en  w:i.h  esMen- 
tially  a  silver  eaiiip.  rather  than  a  lead  camp.  I>ut  in  reeent  yearx  its  load 
output  luts  iKTome  rather  lar^e. 

CrrnU-.  —  Stmnji  lissuri'  veins,  oj-eurrin^  in  igneous  roeks,  earry 
galena  and  blende  with  a  <|Uart/.  gangue,  the  minerals  Ikmiik  wparati-d 
by  ji;:uinj;.  The  ore  is  easily  milU'd.  afTordiiiK  a  hinh-jirade  lead,  ami  a 
hish-Kradc  zin«'  pn)duet.  This  district  w;ls  disr<ivered  in  1S'>2,  since 
which  time  it  Ikus  lK'<'n  worked  c«»ntinu<»usly. 

CusUr  Counlif.  —  Mines  near  Kosita.  Silver  ClifT,  and  lis*'  wen-  formerly 
iarjie  pnxliicers  of  lead.  The  liassick  mine  wjts  o|)i>ned  on  a  chimney 
consisting  <»f  an  aj;Kl«»n>erate  <»f  an<lesite  and  other  volcanic  material 
impregnated  with  galena  and  other  sulphides.  The  chimney  w:is  roughly 
elliptical.  100  v JO  ft.  t..  l(K)x:{()  ft.,  and  was  followed  to  <lepth  of  1100 
ft.  with(»ut  losing  the  ore.  The  liutl-Doiningo  mine  wjus  o|iened  on  a 
similar  <'himney.  The  Terrible  mine,  at  Use.  w:ls  o|)<«ued  <»n  a  wide  por- 
phyry dike,  impn'gnated  with  crystals  of  ceru.ssite.  The  crude  ore  aver- 
aged 10  to  12' ,'  lead  and  1  oz.  silver  per  ton.  It  was  dn'.s.se«l  to  a  pn»duct 
ji.s.Hayiiig  70','  lead  and  1.5  oz.  silver.  The  Iiull-l>«»mingo  mine  yiehled 
roncentrates  lussaying  70','   h'atl  and   1.4  oz.  silver  |H'r  ton.     The  Hiissick 

ore  wjis  richer  in  silver.     The.se  mines  were  im|»ortant  producers  <>»■  ' ! 

from  alxjut  1.S.S2  U}  IS'.K). 

l^niilrill*. — This  famous  mining  <listri<'t  situateil  in  I,.'ike  County, 
near  the  head  «»f  the  .\rkans:us  River,  wjls  once  the  largest  .source  of  lead 
ore  in  tlic  Tinted  States,  and  is  still  of  considerai>le  im|>i»rtance.  The 
ore  de|>osit.s  oc<ur  at  the  contact  of  a  formation  of  CarlNtnifer^xis  lime- 
stone with  an  overlying  sheet  of  white  |»orphyry.  and  in  channels  in  the 
lime»(tone  it.sidf.  The  ore-U-aring  area  is  exti'iisive.  but  by  far  the  most 
of  the  mineral  h:i.s  come  <iut  of  a  .section  U«ss  than  two  miles  s«|uarr>.  The 
country-rock  is  much  f<»hled  and  faulted,  and  disturU'd  by  intnisioan 
(<likej*  and  shiH«t.s)  <»f  gray  |M>rphyry  of  later  age  than  the  white  |n»rphyry. 
The  |¥)rphyry-limestone  contact  difw  east  at  a  moderate  angle,  and  is 
c\|)o.s4'd  at  the  surface  by  the  upthrow  of  s<«veral  great  fault  s<«ries.  espe- 
cially the  Carlninate  and  Inui  fault.s.  TIm*s<«  expoHures,  Imth  presenting 
long  outcntiis.  afT«»nled  ea**y  acces«  t4)  the  on'-lMxliew  at  the  Iteginning 
of  mining  in  tlu>  di-trict. 
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The  ore  occurred  in  shoots,  or  cliaiiiicls,  of  g;rc;it  size  aiul  rcinjirkable 
continuity,  of  which  a  hirjre  luuuber,  approximately  parallel  in  their 
courses,  and  to  a  considerable  extent  connected  with  one  another  by 
arms  or  branches,  were  oi)cned.  From  the  surface  to  the  water-level 
the  ore  was  lead  carbonate  (cerussite)  and  lead  sulphate  (anglesite), 
imbedded  in  a  <ireat  botly  of  manganiferous  limonite;  below  the  water 
level  it  consisted  chiefly  of  a  mixture  of  blende,  galena,  anil  pyrite, 
changing  in  the  ca.se  of  several  shoots  to  nearly  pure  jn'rites,  occasionally 
cujiriferous  to  a  small  extent.  In  the  deposits  of  mixed  suljihides  there 
were  fountl  imjx)rtant  masses  of  high-grade  galena. 

I^adville  as  a  mining  district  has  been  remarkable  for  the  variety  of 
its  ores,  which  contributed  to  the  development  of  a  great  smelting  indus- 
try. The  ores  produced  may  be  roughly  classified  as  lead  carbonate, 
lead  sulphide,  lead-iron  sulphide,  pyrites  (cupriferous  and  non-cuprifer- 
ous), manganiferous  limonite,  and  silicious.  All  of  these  are  treated  by 
the  lead  smelters.  In  general,  the  ores  are  more  valuable  for  their  silver 
content  than  for  their  gold  content,  but  there  have  been  some  very  rich 
gold  mines,  for  example,  the  Little  Johnny.  Manganiferous  iron  ore, 
too  low  in  silver  to  be  profitable  as  flux  to  the  lead  smelters,  has  been 
shipjjed  in  large  quantities  to  iron  and  steel  works.  Zinc-blende  is  sold 
in  large  amounts  to  zinc  smelters.  In  one  or  two  mines  ore  has  been 
obtained  sufficiently  rich  in  bismuth  to  make  it  valuable  for  that 
metal. 

The  dimensions  of  many  of  the  ore-bodies  of  Leadville  were  immense. 
The  Evening  Star-Maid  of  Erin  ore  shoot  was  in  many  places  30  ft.  thick 
and  200  ft.,  or  more,  in  width.  The  ore  shoot  extending  through  the 
Stone,  Minnie,  Col.  Sellers,  and  Mover  mines  was  400  ft.  wide  in  the 
Minnie  and  nearly  70  ft.  thick. 

Monarch.  —  This  district,  situated  at  the  head  of  a  branch  of  the 
South  Arkaasas  River,  in  Chaffee  County,  was  a  large  producer  of  lead 
ore  between  1882  and  1890.  The  ores,  oxidized  in  character,  occurred 
in  deposits  in  limestone,  near  the  surface  and  easily  mined.  Some  of 
the  deposits  were  of  great  size;  in  1884  there  was  a  stope  in  the  Madonna 
mine,  which  was  then  making  a  large  output,  nearly  300  ft.  long,  60  ft. 
wide,  and  40  ft.  high.  The  Monarch  ores  consisted  chiefly  of  lead  carbonate, 
much  of  it  being  in  the  form  of  sand,  colored  by  ferric  oxide.  The  aver- 
age grade  in  lead  was  20  to  45%,  and  in  silver  5  to  12  oz.  per  ton.  The 
following  analysis  was  typical  of  the  ore:  Sesquioxide  of  iron,  32.99%; 
sesquioxide  of  manganese,  0.93%;  alumina,  2.99%;  oxide  of  zinc,  4.17%; 
lime,  1.78%;  lead  .sulphate,  12.47%;  lead  carbonate,  32.35%;  silica, 
4.24% ;  sulphuric  anhydride  3.30%;  carbon  dioxide,  6.73%;  water,  6.68%. 

Red  Cliff.  —  Deposits  of  ore  containing  galena  and  anglesite  occur 
in  the  valley  of  the  Eagle  River,  especially  at  Red  Cliff,  at  the  contact 
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iKJtwjt'M  Carlxmifenm.s  liiiH>}«t«)ni*  and  <)iiarl/iU;  or  jxirjihyry.  The  iiiiiicM 
of  this  thstrirt  huvu  ppMiiiccMl  its  iiiiich  iin  .'UXNJ  Uttv*  of  lead  in  a  >'ear, 
hut  riMcritly  their  ittitput  h:i.s  Im><>ii  loinparativcly  iii)irii|)ortHiit. 

Tru  Mill.  At  UohiiLK4iti  aii«i  Kitkoiim,  iti  Stiiniiiit  County,  lM)«li(>M 
of  arKiMitifennw  KaltMUt,  pyrit*',  ami  hltMnU',  ami  almve  tht?  wult'r-level 
their  oxiihwMl  pnxhict.i,  o<rur  at  tho  contact  U'tw«'<'n  ("arlH»nif«'nM».s 
liuH^tonu  anil  an  overlying  saruLstonr,  or  at  the  <ontact  U-twi-ca  the 
lirnf>:4t4ino  and  Mhcetrt  «»r  dikes  of  por|»hyry.  The?**"  nnnes  were  dwcovered 
in  ISSO.  and  for  a  few  years  w«'re  worked  on  a  coit«*i<loral»le  scale,  several 
smelting  works  U-iuK  ent-ted  in  the  distri<t.  The  mines  pn>ve«l  di.Ha|>- 
|M>intinf;,  however.  an«l  were  s<K)n  f<»r  the  nnwt  part  ahandoned,  although 
Work  hjLs  U'on  continued  in  the  district  to  the  prrs<»nt  time. 

The  ore  dei)osit.s  of  the  Ten  Mile  are  of  enormous  size,  hut  arc  chielly 
pyrit«<,  or  pyrit<»s  and  l>len<le.  of  low  ^rade  in  silver.  Streaks  an<l  (X)cket8 
of  ^aicMia  <n-cur  in  the  ^rcat  nutss  of  mixed  ore,  and  there  are  S4»me  stnuiK 
shiH>ts  of  lead  ore.  which  have  U'en  worked  successfully,  :is  in  the  White 
i^uail  mine.  The  ore-l)earinR  fonnation  of  the  Ten  Mile  outeropiwd  at 
the  surface  and  w:ls  ejisily  o|)ened.  dipping  at  a  gentle  an^le,  hut  the 
o\idi/4Ml  on*"  uliii  Ii  u.re  rifher  than  the  sulphide-  ivtcuded  ntiK  fo  i 
small  depth. 

liiri).  —  At  Kko,  |)«ilores  (\tunty,  de|>osits  of  Mlver-lead  ores  «»<•(  ur 
at  the  contact  of  Carljoniferous  limestone  with  intrusive  jiorphyries.  A 
smelting  works  w:is  formerly  operate<l  at  this  plaee.  I..:irKc  Ixnlies  of 
mixeil  zinc-lead  sulphide  ore  remain  in  the  old   mines,  which   now  are 


I  M-i  ri<'  n 'I  ii  u'ii<> 


The  principal  lead-prf)ducinK  district  in  this  State  is  the  C\rur  il'Alene, 
which  hjus  U'en  indeed  for  nuiny  years  the  most  im|)ortant  source  tif  lea<l 
in  the  I'liitetl  States.  ()utsi«le  of  the  (Veur  d'.Mene  the  only  le.»d  mini's 
in  lilalm  that  have  made  a  large  output  have  Im'^'U  tho.sc  of  t'l"-  W. >iid 
Kiver  dwlrirt.  an«l  the  Viola  nune  at  .N'icholia.  I>emhi  County. 

Ciiur  (i'Altnr.  —  This  district  Is  situated  in  Shosh<»ne  County,  in  the 
northern  part  of  the  State,  extending  over  an  arca  alxiut  10  x  2*2  miles. 
The  first  «lLscovcries  of  Icatl  ore  werc  made  on  the  e:istern  side  in  IHS4; 
in  the  following  year  nunes  werc  operied  in  the  western  part.  I'pmIuc- 
ti«>n  in<'rcjuse«l  very  rapidly  and  in  ISIH  there  were  40  deveh>pe<l  nunes, 
of  which  'JO  were  (huvstMl  as  pnxlurenn. 

The  cotintry-n»ck  <»f  the  C<rur  il'.Mene  coasists  of  .elates,  greywackes, 
and  (juartzite,  thrown  into  eiust  and  west  fohLs.  In  these  DM'ks  are  iis- 
sure  veiiLs,  in  which  argentiferous  galena  is  associated  with  large  (pian- 
tities  of  si<lerite,  together  with  some  Merule  and  pyrite.  The  gangiie  «>f 
tlu>   t,n-  k    ouartz.      In  .H4>me   veiits  the  minerals  are   well  .s««gn  •  •'••l    in 
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iiulividiial  streaks,  the  galena  for  example  forming  seams  containing  60 
to  SOVe  leatl.  In  other  veias,  or  in  other  parts  of  the  same  vein,  the 
various  minerals  are  intimately  mixed. 

The  ore-bodies  are  very  large,  some  of  them  containing  millions  of 
tons  of  ore.  The  ore  as  mined  contains  5  to  25%  lead.  The  average 
for  the  district  is  probably  about  10%  lead  and  7  oz.  silver  ])er  ton.^ 

The  Bunker  Hill  lotle  at  Wardner  had  been  worked,  up  to  1903,  for 
a  continuous  distance  of  6000  ft.  on  its  strike,  while  ojicnings  further 
on  were  considered  to  be  on  the  same  (issurc,  though  its  continuity  luul 
not  been  proved.  The  Mammoth-Standard  lode  in  the  Canyon  Creek 
district  has  been  productive  for  a  length  of  2400  ft.  As  mined  in  the 
Standard,  the  ore-body  was  5  to  50  ft.  in  width,  averaging  al)()ut  17  ft. 

The  inuuense  size  of  these  great  ore-bodies,  the  fair  gratle  of  the  ore, 
and  the  favoral)le  natural  conditions  for  their  ex])l()itation  combined 
to  make  the  Canir  d'Alene  l^ecome  the  greatest  lead-i)roducing  district 
of  the  United  States,  its  only  drawbacks  having  been  remoteness  from 
the  great  smelting  centers  and  laljor  difliculties. 

The  lodes  are  so  situated  that  they  can  be  worked  to  a  large  extent 
through  adit  levels.  Up  to  1903  at  least  70%  of  the  ore  previously  mined 
luul  been  extracted  through  adits,  at  no  charge  for  hoisting  and  pumping, 
and  of  the  remaining  30%  at  least  two-fifths  had  been  hoisted  through 
underground  shafts,  to  be  subsequently  hauled  out  through  tunnels. 
The  Tiger-Poorman  was  the  only  mine  operated  always  by  shafts  from 
the  surface. - 

Three  methods  of  mining  are  used  in  the  district:  (1)  back-stoping 
and  timbering;  (2)  back-stoping,  timbering,  and  filling;  (3)  back-stoping 
and  filling  without  timbering.  All  the  mines  of  the  region  make  more 
or  less  extensive  use  of  the  excellent  water-power  that  is  available  locally, 
while  in  1904  a  90-mile  electric  transmission  from  Spokane  Falls  was 
completed.  In  1904  the  wages  paid  miners  were  $3.50  per  day;  muckers, 
$3  per  day.  The  general  cost  of  mining  and  milling  is  $2.50  to  $3.50  per 
ton.  In  1902  the  Bunker  Hill  &  Sullivan  Mining  Co.  ])roduced  260,500 
tons  of  ore  at  a  cost  of  $2.09  per  ton;  in  1903  it  produced  288,713  tons 
at  a  cost  of  $1.75  per  ton.  The  transportation  of  the  crude  ore  to  the 
mills  is  a  problem  of  importance  to  most  of  the  mines  of  the  Coeur  d'Alene, 
only  a  few  having  mills  at  the  place  where  the  ore  reaches  the  surface. 
In  other  cases  the  ore  has  to  be  carried  corisiderable  distances,  the  cost 
varying  from  8  to  20  c.  per  ton.  The  ore  is  concentrated  in  mills  of  large 
capacity  and  good  design  at  a  cost  of  25  to  35  c.  per  ton.  From  75 
to  85%  of  the  lead  in  the  ore  is  recovered  in  the  concentrate,  which  is 
shipped  as  a  product  averaging  about  50%  lead  and  30  oz.  silver  per  ton. 

■  J.  R.  Finlay,  Trans.  Am.  Inst.  Min.  Eng.,  XXXIII,  242. 
-  J.  R.  Finlay,  loc.  cit. 
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S<»uthr:LHU'rn  Missouri  nml  thi'  CuMir  d'Alcno  an*  tin*  only  lcfttl-|)n»- 
iluciiiK  <li.strirtM  that  have  Imimi  tlcvrl«>|NM|  in  the   rnitcd  Statics,  which 
havt'  i'viiU*n«T»|  .su<"h  |N'riiiancM(-c  as  In  n-iKlrr  a  Htinly  of  th«-  ■ 
>liii-tion  a  matter  of  i*<-iiii«ttiitc  vahii>.      In  uu»l  of  the  othiT  l< 
(li^tri('t.><.  the  Icatl  has  Ixhmi  f^iMMitially  a  l>y-|inHlu('l,  iv*  at  JopUn,  or  tht* 
OH'  has  Immmj  ol)tain«'<|  from  Ininan/iLs  iis  at  Alta,  I'rLscn,  Ni'  ' 
un-atrr  onrs  at   liiin-ka.  and  ^n'at<'>t  at   lii'ailvillo.  which  hi 
irtoriauMl  liy  a  rise  an«l   fall  ami  cxtriMni'ly  variahlo  rost  of  prrMliirtion. 
Southra>trrn    Missouri   ami    thr   Co-nr  irAlrnr  on   tlu*  other  han«l    ' 
ilrvrlo|i*'«|  very  lar>;r  iHidies  of  |ow-^ra«lr  on*,  in  the  exploitation  of  \. 
engintfrinK  hjis  Uvn  a  nn'ater  factor  than  in  extractinu  the  richer  Inmn- 
tit's  of  natnrr. 

The  cost  of  pniilnction  in  the  ('«enr  d  Alene  varies  greatly  with  the 
price  <if  silver,  which  is  an  im|Mirtant  liy-pnuhH't.  As  illustrative  <»f  the 
<-onditions  at  tin*  pn-sent  time,  in  an  artich>  in  the  Euijinnrinii  ntul  Miniwj 
Jnurntil  of  Jan.  4.  I'.MJS.  I  deduced  from  the  pulilished  n'|Kirts  of  the  I'nl- 
eral  Mining  and  Smelting  Co.  that  its  mining  and  milling  ro.st  {ler  t4>n  of 
crude  ore  was  $;M  1  in  1«.M).">.  $:{.().")  in  I'.HK).  and  $:^()S  in  l'K)7.  while  the 
cost  per  jjouml  of  leacl  w:is  0.70  c..  O.'JU  c.,  and  0..'t.'i  c.  res|ie<tively.  It 
;ip|)ears  that  while  the  cost  for  lead  decreased  rather  largely  fn»m  I'.HK')  to 
P.MMi.  the  cost  of  mining  and  milling  d«'cn';i.sed  only  a  trille.  The  di(T«T- 
cnce  is  explainaltle  hy  an  im-rexse  in  the  grade  of  the  on\  This  ap|iears 
t'n>m  the  statistics  which  show  that  in  I'.MKi  the  crude  ore  raised  fnnn 
the  mines  yielded  an  average  of  7.21' ,'  leail  an<l  \.\S  oz.  silver  |>er  ton. 
while  in  I'.H>.'»  the  figures  were  (i.Jil  and  4.0.')  n'sjKMtively.  Moreover, 
the  value  of  silver  incre:isotl  largely  from  l'.H>."»  to  P.KMi.  and  this  hrts  a 
highly  im|M>rtant  U-aring  on  the  mines  of  the  Ctrur  d'.Mene.  Thus  if 
the  (igun's  id  the  I'ederal  .Minitig  and  Smelling  (\».  for  I'.M)7  were  c«»m- 
pute<I  on  the  l»:tsis  of .'»()  c.  |)er  o/.  for  silver,  instead  of  GS.I.")  c,  it  would 
appear  that  the  cost  «»f  a  p«»und  of  lead  would  have  l»eon  approxim.'itely 
I  c.  instead  of  O.U  c. 

Of  cour>*<'  it   will  lie  nnderst<K»d  that   these  estimates  mean  that    I  r. 
or  0. .'{.'{  c.  as  the  c;ls<>  may  U*.  mtist  U*  n'ceived  for  .a  p«»und  of  lea«l  in 
the  Cu'ur  iI'Alene  f«»r  tin*  mining  <-ompany  to  ciune  out  even.     The  cost 
on  the  hftsLs  of  delivery  at  New  \nrk  Is  another  matter.     This  .'i^ain  is  a 
ig  afTair.  de|)endiin;  U|>on  the  gr.ade  of  the  '  'it 

:   l»y  the  s?nelter.  an«l  i»ther   factors;  hut  «• 

pmfit  to  the  smelter,  the  cost  of  freight,  nmelting.  and  n'fining  t»n  eon- 

•  entrate  containing  4."»  to  .'»()'','  lead  may  l»e  fairly  estiniated  :it  '2  Xi  \o 
J.'j  c.  per  III.  of  lead.  It  n»ay  lie  infiTtt'd.  thendore,  that  umler  the  mn- 
ditions  of  the  Federal  Mining  and  Smelting  Co.,  with  silver  at  .10  ■ 

•  •7...  the  ci»st  of  delivering  le.ail  at  New  ^"ork  is  .at  U'-.v^X  '.\.'.VA  ti»  'l.'i  •'.  j.  r 
III.,  hut   with  pni|N>r  allowances  for  aniortt/atitui  of  miniiq(  and  nnlhng 
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plant,  etc.,  the  actual  cost  must  be  close  to  4  c.  per  lb.  With  silver  at 
07^  c.  per  oz.,  on  the  other  hand,  the  cost  is  2.65  to  2.8  c.  without  allow- 
ance for  amortization,  ami  probably  about  3.3  c.  with  it. 

The  cost  of  production  to  the  Bunker  Hill  &  Hullivan  company  figures 
out  in  much  the  same  way  as  the  Federal,  but  more  favorably,  because 
of  the  higher  grade  of  its  ore  and  its  lower  cost  of  mining  and  milling. 
In  the  year  ending  May  31,  1907,  this  company  mined  336,630  tons  of 
ore,  yielding  40,169  tons  of  lead  and  1,645,719  oz.  of  silver.  The  average 
yield  of  the  ore  was  about  12%  lead  and  5  oz.  of  silver  per  ton.  The 
direct  operating  expenses  were  S665,379;  the  total  expense,  including 
new  construction,  exploration,  litigation,  taxes,  and  insurance,  and  in 
fact  all  charges,  was  $934,657.  The  average  price  for  silver  during  this 
period  was  67.497  c.  per  oz.,  at  95%  of  which  the  company  realized  for 
silver  $1,055,268,  which  was  more  than  $100,000  in  excess  of  the  total 
cost  of  production;  consequently,  the  property  would  have  been  profitable 
if  nothing  at  all  had  been  received  for  its  lead  production.  If,  however, 
the  price  for  silver  had  been  only  50  c.  per  oz.,  the  amount  realized  for 
the  silver  product  would  have  been  less  than  the  total  expenses  and  the 
lead  product  would  have  cost  about  0.2  c.  per  lb.  However,  even  then 
the  total  cost  of  this  lead  delivered  at  New  York  would  have  been  only 
a  little  more  than  2.5  c.  per  lb.  The  Bunker  Hill  &  Sullivan  product  is 
undoubtedly  the  cheapest  large  supply  of  lead  in  the  United  States  at 
the  present  time. 

The  cost  of  production  in  the  case  of  some  mines  has  been  decreased 
materially  during  the  last  15  years;  but  in  other  cases  there  has  been 
no  great  change.  The  cost  of  mining  and  milling  at  the  Bunker  Hill 
&  Sullivan  mines  in  1891  was  $4.55  per  ton;'  the  cost  of  milling  was  44  c. 
The  Helena  &  Frisco  Mining  Co.  in  1891  extracted  51,604  tons  of  ore  at 
a  cost  of  $2.45  per  ton;^  the  cost  of  milling  was  45.6  c.  per  ton.  The  latter 
figures  compare  not  unfavorably  with  some  of  those  of  the  present  time, 
but  on  the  w^iole  the  operating  costs  in  the  district  were  much  higher 
in  1891  than  they  are  now.  Freight  and  smelting  charges  also  were  much 
higher.     These  conditions  are  discussed  more  fully  in  a  subsequent  chapter. 

Custer  County.  —  Silver-lead  mines  have  been  worked  at  Bayhorse, 
Clayton,  Squaw  Creek,  and  Slate  Creek. 

Kootenai  County.  —  At  the  southern  end  of  Lake  Pend  d'Oreille,  in 
a  formation  of  limestone  and  quartzite,  some  large  lodes  of  low-grade 
galena  ore  have  been  developed. 

Lemhi  County.  —  Between  1882  and  1887  a  large  production  of  lead 
was  made  by  the  Viola  mine  at  Nicholia,  65  miles  west  of  Dubois,  a  station 
on  the  Butte  branch  of  the  Oregon  Short  Line.  The  ore,  which  was  a 
sand  carbonate,  assaying  about  12  oz.  in  silver  and  60%  lead,  was  derived 

•  Engineering  and  Mining  Journal,  March  18,  1893.  =  OHiciul  report. 
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from  a  loa*<-shai)««  di'ixtsit  in  a  shnly  l»hio  limc.Hlonr,  ru-ar  a  fjuartziU*  ron- 
taft.  It  \V!i.s  appntxitnatrly  KMK)  ft.  Ii»nn,  fnun  onr  to  70  ft.  in  thirkiu'SM, 
and  wjMit  down  at  a  di|>  of  I'J"  t4)  15"  for  almut  '^H)  ft.,  wImtl*  it  nu-rued 
into  o\idi/4>d  inMi  on',  '>()  ft.  thick,  carrying  a  xniall  iM'n-cntaitf  of  load. 

The  T<'Mu*  and  Spring  .Mountain  diHtrict.s,  covering  l'»  nulc-s  of  tlic? 
slo|)es  of  tho  niountuin.s  that  form  the  op|)o.sitc  ttide  of  the  hniad  Hindi 
Crwk  \'allry.  Iraiiin^  fn»m  .\i<holia.  hav<»  vriiw  of  load  on*,  Ixith  rar- 
Ixmato  and  .sulphidr,  in  a  limo.stonr  formation. 

Soulh  Mountain.  —  .Minrs  of  low-jirade  loa«l  ort»,  containing  a  (»«mmI 
deal  of  zinc,  have  l>con  worked  to  a  .xniall  rxtrnt  in  thi.s  <li.'<tri<-t. 

II'imh/  liivtr.  —  Numomu.s  vein.**  of  galena  orr,  rich  in  silver,  occur  in 
a  linu'stono  formation.'  I'p  to  ai)<»nt  \S*Xi  a  con-sidcrahle  pntdiiction 
of  leail  wa.**  iloriviMl  fn>m  thctii.  and  n'ccntly  attention  h:i.s  l>een  n*din'<ted 
to  the  di.strict.     Ikdlevuc,  Ilailey,  and  Ketchum  arc  the  im{jortant  centers. 

Moiittind 

The  principal  lead-prodwcinu  district.^  oi'  .Montana  have  l)een  CJIon- 
tlale  (IV'avcrhrad  County),  Wicke.s  (.JcfTcrson  (Viunty),  Barker  an<l  (';i.stU' 
(.MeimlxT  County).  Smelting;  has  Ikh'u  condiK-ted  at  sc'veral  of  those 
|)oint.s,  hut  the  center  of  that  industry  is  Helena,  where  is  located  a  lan;e 
plant  of  the  .\meri<an  Smelting  and  Refining  Co. 

liarktr.  —  I)e|)osils  of  silver-U'aring  galena  occur  along  the  contact 
between  granitc-jxjrphyry  and  limest<nie. 

Castle.  —  liead  on*  occurn'd  us  <'himneys  in  liniestone  and  at  the  con- 
tact of  limestone  with  igneous  n>cks.  The  on*,  which  w:ts  carlxinatc 
and  sulphate,  with  oxide  of  in)n.  an<l  ganguc  of  silica,  w:us  oxidized  to 
an  unusual  depth.  The  principal  mines  wen*  the  Cuml)erland  and  ^'el- 
lowst«>ne.  The  former  had  a  small  snudting  works  at  C:tstle.  The  high 
r(wt  of  transijortation  to  Livingston  (7">  miles  distant),  the  nean»st  rail- 
way |)«»int,  retarded  the  development  of  the  district  and  o|M>rations  were 
finally  siisjiended  in  IS'KJ. 

(ilendalr.  —  I)e|)osits  of  argentifen>us  galena,  Mende,  cop|)«>r  and  in>n 
pyrites*,  and  their  oxidation  pn»ducts,  lie  parallel  with  the  U'llding  (ilanes 
of  a  l)lue-gray  limestone.  The  average  grade  of  the  ore  in  \S\)'2  was  rp- 
IMirtfd  l>y  the  He<la  Cotisiilidated  .Mining  (Vj.  jus  follows:  I*'irst  <hi.ss.  'MV", 
silica,  'I'.i.'A'i'  ',  lead.  4').0  oz.  silver.  Se<'<»nd  chuss,  7.2' ,'  lead  ami  Hi  7 
oz.  silver,  this  IxMiig  dn»s.sed  to  '.V.^.STi  '  ',  load  and  'ii).'2  oz.  silver. 

tWrihart.  —  A  .H«»ries  <»f  fi.«<,sure  veiiw  intersect  a  formation  of  priii-v-Hv^ 
an<i  schists.  In  .some  parts  the  veins  an*  l)arn*n.  In  other  parts  they 
carry  large  l>odies  of  galen.'i,  .xs-sociattMl  with  lilendc  and  pynte,  and  a 
gaiigue  of  ({uartz  an<l  Imritc. 

•  .1    K    K ' '-  I'  •      ,1    ..I  th.    I  1,  •  p.  273. 
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Wickcft.  —  (lalena  ore,  containing  l)len(le  and  ]n'rites,  in  a  gangue  of 
quartz,  occurs  in  fissure  veins  (from  1  to  10  ft.  wide)  near  the  contact  of 
granite  and  liparite,  but  cutting  both  rocks.  The  Helena  Mining  and 
Reihiction  Co.  (Alta  Montana  mine)  and  the  Gregory  mine  have  been  the 
chief  producers. 

Nevada 

The  only  lead-producing  district  of  great  industrial  importance  ever 
developed  in  this  State  was  Eureka.  Lead  ores  have  been  mined  and 
smelted  at  Oreana,  Pioche,  White  Pine,  and  elsewhere,  but  the  deposits 
at  those  jilaces  never  proved  of  material  consequence. 

Eureka.  —  The  famous  lead  ore  deposits  of  Eureka  occur  in  a  zone 
of  much  faulted  and  crushed  limestone  of  Caml^rian  age,  which  dips  at 
a  steep  angle  and  lies  between  formations  of  shale  and  quartzite.  Cros.s- 
ing  these  stratified  rocks  are  dikes  and  intrusive  masses  of  quartz-por- 
phyry and  rhyolite,  which  were  influential  in  the  deposition  of  the  ore. 
The  latter  is  found  in  fissures,  crevices,  and  caves  in  the  crushed  limestone. 
The  ore  was  oxidized  to  a  depth  of  about  1000  ft.,  below  which  sulphides 
appeared. 

The  principal  mines  of  Eureka  are  situated  on  Rub}'  Hill,  which  rises 
to  an  elevation  of  about  7300  ft.,  two  miles  west  of  the  town.  On  this 
hill,  going  from  .southeast  to  northwest,  are  the  Jackson,  Phcrnix,  Eureka 
Con.solidated,  Richmond,  and  Albion  mines,  following  in  the  order  men- 
tioned. Ore  was  found  in  each  of  these  properties,  but  only  in  the  Eureka 
Consolidated  and  the  Richmond  were  the  deposits  of  great  magnitude. 
The  geology  of  the  Eureka  district,  including  Ruby  Hill,  was  described 
by  Joseph  S.  Curtis  in  "Silver- Lead  Deposits  of  Eureka,  Nevada,"  which 
was  one  of  the  earlier  monographs  published  by  the  U.  S.  Geological  Sur- 
vey, and  ranks  still  among  the  best.  Mr.  Curtis'  field  work  was  begun 
in  July,  1881,  and  concluded  late  in  1882;  the  book  was  published  in 
1884.  Unfortunately,  even  when  the  field  work  was  begun,  the  mines 
had  passed  their  prime,  and  when  the  monograph  was  published  their 
production  had  run  down  to  a  comparatively  small  figure.  However, 
the  report  is  of  superlative  value  at  present,  when  the  mines  are  being 
reopened. 

I  shall  not  attempt  to  go  much  into  detail  in  describing  the  geology 
of  Ruby  Hill.  There  is  a  wedge  of  crushed  limestone  lying  on  the  south- 
west side  of  the  Ruby  Hill  fault,  the  wedge  lying  between  the  Ruby 
Hill  fault  and  a  secondary  fissure  which  joins  the  main  fissure  at  the  depth 
of  500  to  1500  ft.  The  line  of  junction  of  the  two  fissures  increases  with 
depth  in  going  northwest,  i.e.,  from  the  Eureka  Consolidated  into  the 
Richmond.  Coasequently,  in  going  in  that  direction  the  vertical  cro.ss- 
section  of  the  crushed  limestone  increases  both  in  width  and  in  depth. 
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The   Uuliy    Hill    fault   i>   .. .1    nMimrkabU*   |«i  .  ;.  ..   .    .....     ....... 

(Irtinition.  Tlu>  faiiltiiif;  of  i\w  fnriiiatiun  thrust  iipwanl  the  I'niMfirTt 
Moiiiitaiii  c|iiart/.iti',   iinii)r«liatcly   tiiitlfrlyiiiK   tlio  orr-iM>ariiiK   liii 

u|)oii  the  .H«»utli\vf.storii  .sitlc,  twi  thai  the  ({uartzitc  ami  cniMhiMi  lin,.    

an*  now  in  rontact  at  tho  Kccoiiilary  fuisiiit*.  At  tho  jtiiirtion  of  thcM* 
two  fissiircM  thry  a|>|M>ar  to  rross  rat'h  othrr  an«l  at  grr'at  ilt-pth  then*  w 
|»n»l»al»ly  another  w»mIjh»  of  linirMtono  in  rfyrnw  inMition. 

In  ihp  upiMT  wcmIko  of  rriHh(><|  limestone  the  ore  oeeuni  in  tleiMHit-H 
of  very  irresular  form,  scinietinu's  nvnenihlitiK  lodes,  wnnetiinen  **Ht4>rks," 
and  sometiin«*s  IkmIs.  Aci'ordinn  t4>  CiirtLH  the  ore-liodif^  <if  any  si/e 
were  always  rap(NM|  hy  raves,  or  in  some  way  eonne<'ted  with  sueh  o|ien- 
in>p<  in  the  n«'k  and  with  liss«irr*s.  This  ronne<'tion  of  ore-lMnlies  with 
fissures  is  universal  in  the  dlstrirt.  Curtis  U-lieve*!  that  the  ravw*  were 
forme<l  sulweijuently  to  the  de|Misition  of  the  ore.  partly  l>y  the  aetion  of 
water  rarryinj;  rarlMHi  dioxide,  and  partly  liy  the  shritika^re  of  the  ore 
in  its  de(*om|)«tsition.  The  origin  of  tln'se  raves,  whether  liefore  ur  after 
the  de|)osition  of  the  ore.  Is  a  highly  im|Mirtant  |M>int.  Sinee  the  deeom- 
|>)sitioti  of  the  original  ore.  the  latter  lias  in  many  iastanees  lieen 
tril>ute<i  l>y  the  How  of  underKround  water. 

The  ore  alwjve  the  water  level  is  principally  r»)mix»sed  f)f  palena, 
an^lesite.  rerussite.  and  mimetite.  with  very  little  quart/  and  «al<ite, 
the  jiangue  Umuj;  for  the  m«»st  part  hydrated  oxiile  of  in>n.  The  ore 
earrit^  lH>th  pold  and  silver.  Ik>low  the  water  level  the  ore  is  ehiefly 
c«»m|>osed  of  pyrite,  ars<Miopyrite.  nalena.  ami  Mende. 

The  description  of  the  «»re  <le|K»sits  of  Uuliy  Hill  :is  orrurring  in  forms 
resonihling  lodes,  st4»eks.  an<l  lieds   is  undoubtedly  .srientifir,  Imt  I   douht 
if  it  eonveys  ji  thoroughly  giMxl  iilea  of  the  oecurrence  of  these  <»re-l»<Mlies. 
They  (ktut  as  large  m;iss<'s.  sometimes  mon^  or  It^s  elli|isoi«lal  in  form, 
in   the   rnished   limestone.      Mul    what    really   constitutes   the  ore-lM»dy? 
In  the  early  <l:»ys  it  w:us  only  the  mineral  high  in  lead  that  w:ls  eoiusitlen'd 
to  lie  ore;  lead  and  silver  Ix-"-'-"   ti... ....<..   v»    -   ■  .r.,i,„t„.   •      .\t   prfM'iit 

the  former  "gangue"  is  ore. 

Considering  all  the  mineraii/^MJ  mjitier  to  lie  nn*.  which  is  pn>|»er  fn>m 
the  present  stan<l|)oint.  the  «»rf>  de|«»sits  of  Kureka  consist  id  njjtssos  of 
oxidi/iMl  silverdead  njineral.  of  irncgiilar  form.  iml>e«ided  in  larger  mjisses 
of  limonite  containing  a  comp.iratively  little  gold,  silver,  and  tea<l.  the 
ultimate  form  of  whi<'h  is  unknown.  Iiorau-se  th«>  •'-■■••  "'^'  >'  ^  "•■•  '-^ 
tracted  in  the  former  w«»rking. 

.\n  excellent  idea  «»f  these  f»n'-l>odi<'s  U  ohtaiiH'd  l'n»m  th«'  surl.ut* 
Workings  on  the  western  side  of  Unity  Hill,  where  there  were  enormous 
outcn>|w  of  iron  ore,  ami  also  towani  the  top  of  the  hill.  These  form,  I 
iM'lieve.  one  «»f  the  most  exteiusive  inm  outcrops  ever  kn<»wn  in  North 
ViMi.r;.  .      iT' «•  iriin  on'- '^■•"  •■'    I«'»dville,  C«»lo.,  wju«  more  r^' .>.K 
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covered  by  surface  gravel.)  There  was  little  or  no  lead  ore  showing  in 
the  original  outcrop  at  Eureka,  but  certain  seams,  which  were  followed 
down,  rapiilly  swelled  into  great  bodies  of  ore,  and  at  the  present  time 
in  the  okl  quarries  may  be  seen  small  seams  of  yellowish  lead  ore,  ramify- 
ing into  the  red  iron  ore,  which  were  overlooked  by  the  tributers.  The 
great  excavation  represents  lead  ore  extracted,  together  with  iron  ore 
that  was  taken  out  incidentally,  but  the  quantity  of  the  latter  apparently 
was  not  proportionately  large,  because  the  old  dumps  show  compara- 
tively little. 

The  conditions  underground  are  similar  to,  indeed  I  may  say  identical 
with,  those  exemplified,  at  the  surface.  Some  of  the  surface  deposits, 
in  fact,  extended  riglit  into  the  hill,  one  of  them  developing  into  the 
famous  Hicks  stope  underground,  and  there  are  workings  which  go  clear 
through  Ruby  Hill,  coming  out  on  the  eastern  side  at  what  is  the  100-ft. 
level  of  the  Locan  shaft.  The  ore  that  is  now  being  mined  at  the  surface 
on  the  western  side  of  the  hill  is  dumped  down  through  one  of  the  okl 
shafts  to  this  level,  through  which  it  is  trammed  to  the  bins  at  the  eastern 
side  of  the  hill. 

The  great  ore-bodies  throw  out  branches,  vcinlets,  and  streamers, 
so  to  speak,  for  long  distances,  the  form  l)eing  comparable  to  that  of  a 
cuttle-fish,  with  a  large  central  body  and  tentacles  extending  in  many 
directions.  This  made  prospecting  comparatively  easy  because  the 
drifts  driven  on  any  level,  if  reasonably  close  together,  were  fairly  sure 
to  strike  some  tentacle  of  an  ore-body  if  any  existed.  In  following  up 
such  a  leader  the  main  ore-body  was  found  sooner  or  later. 

New  Mexico 

The  most  important  lead-mining  tlistricts  of  this  State  have  been 
Cook's  Peak,  Magdalena,  and  Socorro. 

Cook's  Peak.  —  This  district,  situated  in  Grant  County,  about  nine 
miles  north  of  Florida,  on  the  Atchison,  Topeka  &  Santa  Fe  railroad, 
has  produced  a  good  deal  of  galena  ore  from  fissure  veins  in  porphyry. 
The  average  grade  of  concentrates  shipped  in  1892  and  1893  was  43% 
lead,  61.6  oz.  silver,  and  0.08  oz.  gold.' 

Lake  Valley.  —  The  mines  of  Lake  Valley,  in  Dona  Ana  County, 
were  opened  on  deposits  of  silver-lead  ore  at  the  contact  of  blue  limestone 
with  an  overlying  porphyry,  the  formation  being  similar  to  that  at  Lead- 
ville,  Colo.  The  ores  were  of  several  varieties,  the  general  components 
being  silica,  oxides  of  iron,  and  manganese,  some  galena  at  times,  and 
some  zinc.  As  producers  of  lead  these  mines  were  never  ve-y  important, 
but  they  afforded  some  rich  silver  bonanzas. 

>  Engineering  and  Mining  Journal,  Jan.  6,  1894,  p.  15. 
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Miujdtiltiui.  '  i<MM.i'i  ill  |"-^ii-^  i.ii»i.ii  iiii-  r.tutcM  an«l  |»'»rpliyry,  in 
tin*  .MaK*i:iti'»H  .Mountains,  M)  miles  wvni  of  Socorni,  Imvc  fiirntAlu*<l  larKc 
HUppli(*M  of  lead  carlxinatc  op*,  :i»ayinK  alNiiit  2.5%  lead  ami  S  ox.  Hilvcr 
yvr  ton.  Asso(*iati><l  with  tlir  ti'aii  ore  are  <lr|M»MitM  of  ralatnim*,  and  mixed 
jtinc-lead  sul|)ludi*j».  The  (Iraphic  and  Kelly  have  Im^mi  the  nioMt  iin- 
piirtant  mines.  They  are  now  cuiiMidered  more  valuahle  a«  zinc  inincM 
than  a.s  lead  tnine-s. 

i'tah 

I'tah  ha.H  soveral  imix^rtant  load-pn»diirinK  distrirt^.  and  a  ^rrat 
smeltinK  industry,  which  is  centen'd  at  Salt  I*:ike  City.  S'ViTal  of  it« 
|pad-pn»<luc"inj;  di.strict.s.  e.«<iK'<ially  Min^hani,  are  hi-storie,  having  l)ocn 
develojuMl  in  the  earliest  days  of  mining  in  the  territory  we.st  of  the  Horky 
Motintains   and    maintained  their  imjMtrtanee  d«)wn  to  the  |>rrset>t  time. 

liitujham.  — This  im|)ortant  mininp  ilistriit,  whieh  yieULs  l)olh  CM»pj)er 
and  lead  ores,  ha**  a  complieatcd  Ke<>l<>pi<'al  siruoturo  of  limestone  l)e<ls 
of  CarlMtnifepMis  ajie.  inten-alatotl  with  shales  and  (juartzites  and  intcr- 
scetcd  by  intrusions  of  monzonite  |)orphyry.  The  entire  formation  Is 
excessively  fractured,  ertished.  fi.ssured.  and  faultetl.  The  arpentifen»us 
lead  ores,  oxidi/ed  alxjve  and  unoxidized  (galena  .and  pyrit<')  Ik-Iow  the 
water  level,  occur  in  veins  filling  (i.ssures  which  trend  northejust-Houthwest, 
and  traverse  all  kimls  of  n»cks  known  in  the  district.  The  veins  arc 
wijlest  in  limestone  and  in  shales  which  contain  cal<"artM»us  an<l  carlK)na- 
ceous  nmtter.  The  Keohi^y  of  this  district  Ls  de.scrilx'^l  in  a  mon<»j:niph 
of  the  V.  S.  Geolojjical  Survey  by  .1.  .M.  Houtwell.  The  first  di.soovery 
in  Hingham  ('.ailon  was  niade  by  (ieor^e  H.  Ofrilvie  in  \XiV.\,  and  on  S'pt. 
17,  ISG.'J.  the  .Fordan  Silver  .Mining  (V».  w;us  organized  to  locate  claims. 
This  Ls  the  earliest  reconled  location  in  I'tah.'  The  first  shij)ment  of 
ore  from  I'tah  was  a  carload  of  copjier  ore  fn»m  Minirliam  Cafutn.  hauled 
to  I'inta,  on  the  IniiUi  Tacific.  and  forwarded  by  NNalker  Bmthers  to 
Maltimorc  in  June,  lS(i,S.'  However,  the  early  imi)ortancc  of  Minf;ham 
wjm  i\s  a  silver-lead  mining  <listrict.  Copj^'r  mining,  for  which  Hin(;h:im 
now  Lh  f.nm<"i-  'ii'i  ""t  .seriously  l>eRin  until  nearl\  «'>•>  <'iil  "f  »'"• 
centtiry. 

CnttoniciHuU.  —  Tlie  most  important  mines  in  Ijtiie  CotionwfHMl 
('aftj)n  occur  in  IVvonian  limestone,  or  at  the  contact  U'twecn  two  forma- 
tions of  limestone.  In  the  Kmma  mine  there  was  n  great  iipar-shafic 
m.-vHs  of  ore,  at  the  maxinnim  alniut  (><)  ft.  hmp  at>d  10  ft.  wide.  measurp<l 
horizontally,  ami  approximately  \'2S)  ft.  fn»m  top  to  tM>ttotn.'  The  sinl- 
clen  tennination  of  the  ore  with  depth  is  explained  by  the  theory  that 

'  ContrilnitiftnM  lo  I->ononur  f  Jcoliiifj'.  l*.  .*<.  fM^ilnKirnl  ."siinTy,  IWTJ,  p   |(>7 
'  H.   n.  liAnrnift,   Hinton*  of  1't.ih,  p    741,  thnniich  (onlrilMilinnii  to  l!>onomic 
GroiaK>-.  V ■  S.  (H<olci(ciml  Survey.  IWrj,  p    107. 

'  Miiicrd  I<rM)iira*8  Went  nf  iht-  Korky  .Mountaina,  1H71,  p.  •T.M. 


26  I.KAI)    AND    ZINC    IN    THE    UNITED   STATES 

it  was  a  shoot  that  had  been  cut  off  by  a  fault/  but  that  has  never  been 
proved  or  disproved.  The  ore  was  an  earthy  ferruginous  carbonate  of 
lead,  containing  nodules  of  galena.  It  was  very  rich  in  both  lead  and 
silver,  the  first  10,000  tons  protluced  averaging  IGO  oz.  silver  and  45  to 
50%  lead. 

The  Flagstaff  mine,  about  oOOO  ft.  northwest  of  the  J']inina,  also 
occurred  as  a  bed  vein  in  limestone  strata,  possibly  an  extension  of  the 
iMuma  vein,  but  the  ore-botly  nowhere  attained  such  magnitude  as  in  the 
Emma  mine.  The  character  of  the  ore  was,  however,  quite  similar. 
Neither  in  the  Emma  or  Flagstaff  mines  did  the  ore-body  outcrop  at  the 
surface.  Other  mines  in  Little  Cottonwood,  occurring  in  the  same  lime- 
stone formation,  showed  similar  characteristics. 

The  Miller  mine,  in  American  Fork  Canon,  occurred  in  limestone  near 
the  contact  with  a  quartzite.  The  ore-body  was  irregular,  splitting  up 
and  branching  out  into  the  country  rock.  In  some  places  it  was  quite 
thick,  but  never  more  than  15  ft.  The  ore  was  a  ferruginous  lead  car- 
bonate, containing  considerable  galena.  Ore  mined  during  a  part  of 
1872  averaged  56%  lead,  40  oz.  silver,  and  0.6  oz.  gold. 

These  famous  bonanzas  were  early  exhausted,  and  no  other  mine  of 
large  production  has  ever  been  developed  in  the  district,  but  operations 
have  been  continued  cjuite  steadily  down  to  the  present  time,  and  an 
output,  considerable  in  the  aggregate,  is  made  by  a  number  of  small 
mines. 

Frisco. —  The  Horn  Silver  mine,  at  Frisco,  Beaver  County,  is  opened 
on  a  great  contact  vein  between  rhyolite  (hanging  wall)  and  limestone, 
which  is  known  to  extend  two  miles,  but  has  been  valuable  only  within 
the  Horn  Silver  lines.  The  vein  strikes  north  and  south  and  dips  70^ 
east.  It  varies  in  width  from  20  to  60  ft.,  but  has  pinched  twice  in  going 
down.  The  ore  above  the  water  level  was  chiefly  a  silver-] jearing  angle- 
site,  carrying  considerable  barytes.  In  parts  it  was  very  rich  in  both 
lead  and  silver.  Below  the  water  level  large  bodies  of  zinc-lead  sulphides 
were  encountered,  and  the  mine  has  now  become  a  producer  of  zinc  ore. 

The  Carbonate  mine,  2.5  miles  northeast  of  Frisco,  opened  on  a  vein 
in  hornblende  andesitc,  and  the  Cave  mine,  which  had  irregular  pockets 
of  lead-bearing  limonite  (containing  from  5%  to  7%  lead)  in  limestone, 
have  been  small  producers. 

Park  City.  —  The  great  veins  of  Park  City,  Summit  County,  carry 
argentiferous  galena  ores,  besides  the  silver-milling  ores,  and  in  the  On- 
tario and  Daly  mines  the  two  classes  have  been  separated  by  sorting,  the 
lead  ores  being  shipped  to  smelters  at  Salt  Lake  City.  The  Crescent, 
Anchor,  and  other  veins  have  silicious  lead  ores,  which  are  dressed,  afford- 
ing a  galena  concentrate  assaying  about  30%  in  lead. 

>  Mineral  Resources  West  of  the  Rocky  Mountains,  1874,  p.  .3.'36. 
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TUv  in'iiUf^UAl  l«>rMi:iti»tu  al   Park  City  «'oinpri  n-s 

of  «|iiart/.it4*.  liMU">lonr  of  CariNUiifcniUH  t^v,  an  m-ji 

aiui  MliaU>.x,  to^rtlirr  with  iiitriiMiftiu*  of  if^iieoutt  roclcN.  Three  ituiiii  t,v|icn 
of  on»  orrurn'iuc  have  U't-ii  nTonniwd,  vi/..,  fiKHurL*  vciiu*,  n'|»hirfmiMit>* 
ill  hinfstoiu'.  ami  ••ontart  (|(>|M)>it.H.  In  the?  lirst  thr  on?  «'arri»*x  fithcr 
tiilvor  aiitl  U*a«l,  with  or  without  r.u\r.  or  goM  with  sotiic  itilvcr,  aii<l 
ItC'twi'iMi  wrll-ili'liuiMl  walls.  In  the  mToinl  the  on*  Is  chiefly  valiial'lf 
f(»r  silver  ami  lead  ami  takes  thi«  form  of  eloii^ate<l  leiix*?*  in  linir-tjru'. 
roughly  parallel  to  the  Unlilin;;.  In  the  rontart  (lc|MNtit8  t) 
tains  copiM'r  an<l  ^oM,  with  or  without  l«-a«l  and  silver.  an<i  I'Tih-  in 
irri'nular  masses,  |>ockets,  lenses,  and  |x'n«ils  in  mctamor[ilii<"  lime-t<ini>> 
adjacent  to  intrusive  I)odies.' 

Su|»erlii-ial  alt<'ratior>  h:i.s  descrnded  to  ^n-at  depth.  Sune  ore-lMMin- 
in  limestone  have  Ihhmi  ahnost  entin-ly  alten'd  to  oxides,  (arlxuiates  and 
sulphates  to  the  depth  of  IMM)  ft.  Ik'Iow  the  pa-went  s»irfa««'.  .\t  pr[>}<ent 
Ixith  the  o\idi/.<»d  and  sulphiile  oits  an*  mined.  Ix-atl  on*  is  mined  fn»ni 
all  forms  <»f  th-i^jsits.  S»me  hi^h-^rade  shippin;;-<in'  is  sorte«l  out,  hut 
t!iu  bulk  of  the  pHnluction  is  derived  fn»nj  low-prade  on*,  assaying  6 
to  ID'  j  leatl.  which  is  concentrated  in  lar^<'.  well-<'c|tiip|n'd  mills,  to  u 
pnxluct  iLssayin;;  'Mi  to  '.\.'t'  [  lead.  Sune  of  the  mills  pmduce  zinc  on? 
tut  11  by-pnuhict.  I'ark  City  is  included  in  the  five  great  lead-producing 
districts  of  the  I'nited  Stat«"s  at  the  pn-M-nt  time. 

SltH-kton.  —  Ited  veiits  in  limestone,  or  lK'twe<>n  limestone  and  «|uartz- 
itc.  have  contained  ri«'h  sh<M)t.s  of  silver-lead  on*.  Fi.ssurc  veiits  also 
have  In-en  worked.  I)\it  have  Ufn  <»f  less  importance. 

Tmlir.  —  Tlm-e  on'-U'aring  Udts,  one  to  thn*e  miles  l«»ng,  generally 
paraUel  with  the  stratification  of  verti<"al  blue  limestoiie!H,  but  wmictiniej* 
running  acn>ss  them,  have  Ikhmi  exploited.  In  one  lielt  the  on»-lM«aring 
zone  is  .KM)  to  (MM)  ft.  wide,  and  Ix-ars  in  pla<'es  rich  sho<»ts  of  carlM>nate 
ore.  The  lead  pnHlucti«»n  of  Tintic  has  l>een  ••••nsiderable,  but  the  major 
part  of  its  on-  pntduction  hjus  l»een  in  silicious  silver  on*,  .md  at  present 
its  output  of  lead  on*  Ls  iiLsigniticant. 

•  J.  .M.  litnitwcll,  Contributiumi  lo  PIconomic  Gcoldjrv-.  I'M).*,  |.p  :{«j  40. 
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CHRONOLOGY 

The  following  chronology  presents  the  history  of  lead  mining  in  the 
United  States  in  a  brief  form  and  is  a  useful  reference  in  connection  with 
the  statistics  of  production: 

1G21:  Lead  was  mined  and  smelted  near  r'allins  Creek,  Va.,  to  supply  the  local 
demand  for  bullets  and  shot.  This  was  the  first  mining  and  smelting  of  lead  in  what 
is  now  the  United  States. 

16."i2:  In  a  report  made  on  the  minerals  of  New  England,  lead  ore  is  mentioned. 
(Bishop,  History  of  American  Manufactures,  I.,  470.) 

1650:  Supposed  beginning  of  mining  by  Jesuits  in  Pima  County,  Arizona. 

1651:  Grant  of  lead  mine  at  Middletown,  Conn.,  to  Gov.  John  Winthrop. 

1682:  Lead  ore  supposed  to  have  been  discovered  in  Wisconsin  by  Nicholas  Perrot. 
(R.  D.  Irving,  Mineral  Resources  of  Winscosin,  Trans.  Am.  Inst.  Min.  Eng.,  VIII., 
498.) 

1700:  Discovery  of  lead  in  Mi.s.souri  by  Penicaut,  one  of  Le  Sueur's  party.  The  same 
expedition  discovered  lead  near  the  southern  boundary  of  Wisconsin  in  August  of  the 
same  year. 

1712:  Grant  by  Louis  XIV.  of  the  Crozat  patents,  with  special  privileges  respect- 
ing the  discovery  and  operation  of  mines  in  the  then  territory  of  Louisiana.  Little 
or  no  mining  was  done  under  this  patent  until  about  1720. 

1717:  Transfer  of  Crozat  patents  to  the  Mississippi  Company,  promoted  by  John 
Law,  which  prepared  for  active  mining. 

1719:  First  attempt  to  mine  and  smelt  lead  in  Missouri,  made  by  Sieur  de  Lochon, 
in  behalf  of  the  Mississippi  Company,  near  Meramec  liiver.     Results  unsucces.sful. 

1720:  Philip  P>ancis  Renault,  appointed  director-general  of  the  mines  of  the 
Mi.ssi.ssippi  Company  in  1719,  arrived  at  Kaskaskia  with  200  artisans  and  miners  and 
500  slaves,  and  sent  out  exploring  parties  from  there,  one  of  which  discovered  the 
deposits  of  Mine  la  Motte,  in  Madison  County,  the  mine  taking  its  name  from  M.  La 
Motte,  a  mineralogist  accompanying  Renault,  under  whom  it  was  operated. 

172.3:  Grant  of  Mine  La  Motte  to  Renault. 

1724-6:  Discovery  of  lead  at  Old  Mine  and  Mine  Renault,  north  of  Potosi,  Wa.sh- 
ington  County,  Mo. 

1730:  A  company  of  German  miners  was  .sent  out  to  the  colony  of  New  Nether- 
lands by  Baron  Hor.senclaver.  These  miners  explored  the  Highlands  and  made  many 
ventures  in  mining  and  smelting. 

1731:  Failure  of  the  Mi.ssissippi  Company  and  reversion  of  its  charter  to  the 
Crown. 

1738-40:  About  this  time  the  Mine  La  Motte  was  considered  public  property,  and 
the  people  in  general  were  allowed  to  work  at  it.  It  furnished  almost  all  the  lead  then 
exported  from  the  Illinois  (Moses  Austin). 
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1740;  ()|MT.ttioii  uf  Irail  iiunr  iM-ar  N<irth«MJ»t.  I )ii(rhc>iM  County.  N.  Y.  'Hn*  iiunr 
priMliirttl  u  MTinll  <|iinntity  uf  on*,  Ixil  iiul  |>n>(italily.  Tltc  urn  mwt  «pnt  to  Brmtol, 
KtiKl»ii<l.  iiiul  to  Atnfit«-nlaiii. 

17iJ:  Krturn  of  Kftuuilt  to  rniiin'.  hriii^iiiK  to  n  rloM-  the  finit  periuil  uf  mmiiut 
ill  MK-wiiri. 

17.'>n  DJMHJvrry  «»f  tin*  Wylln"  iniiH')*,  VirKinb,  l»y  Col.  Cliinwi-ll.  Workol  <ltir- 
iiiS  lilt'  Ui-\nliiti<iiuiry  War,  nii<l  aftcni-nrtiH  intrniiittfiitly  up  tu  lH.'iK,  mid  ainrc  then 
niilicr  r«»ntuiiiounly. 

ITo-l:  lAtu\  on*  watt  known  to  rxUt  at  SMilliaiii|ilon,  Mam.,  oh  early  aa  thui  yrar, 
aii<i  litnl  WiM  min(*<l  at   Won-mtrr,  MaM.     (Uutiiop,   I      >'•  < 

ITiV.':  ('(nwiun  of  I,ouiNinnn  to  Spain 

ITlWt:  Pincovrry  of  Minr  ji  Hiirton.  at  PotcMi.  Mn  .  ;nii  mniK-'liato  tnausuritKin 
of  rxploilation.  'nii-t,  tti^'-tliiT  with  (M<i  .Miik*  an<l  Mine  Ui'iuiull,  IniiIi  n<*ar  i'ottMi, 
an<l  lh«*  Miiif  I^»  Motto,  wi*n*  thr  prinnpal  iiiiiu'm  wdrk«*<l  ilunii^*  tlir*  n«'Xt  .Ml  y-tri* 

ITt'Ci:  l>rv«>|opin«>nt  of  l<*a<l  niiiK'  at  Smilhainptoii,  Ma.*M.  Work  HU.«|M*n<l<-<l  liy 
Rcvoluliofmry  War  an<l  not  n-!«uim*»l  until   |.s<H»,     .N'rv«*r  IxTaiiH'  ini|M»rtant. 

17tUi:  ('apt.  John  Carvrr  foiimi  IivkI  on*  in  al>unilanr<*  at  Hlu<*  Mound,  Win.  'Dh' 
In<linnM  know  of  it,  l>ut  iii<l  not  know  how  to  olttain  the  metal. 

17ti7;  (Jovonjor  Clinton,  of  New  York,  (lin*rt«*«l  atl4*niion  to  the  c.xi«tonro  of  valu- 
aMc  voin«  of  lomi  om  in  that  ctilony,  an<l  Ntat«*<l  tluit  the  Hritifili  (iovornmont  had 
i(*n.<«*<i  ft  mino  of  arKontifon)UM  irnlona  to  Fn-tlrrirk  I'hilipso.  A  larRo  rofinor)'  of  load 
or  of  in>n  oxist«"«l  at  ."'inK  ."^ing  prior  to,  or  at  the  lioginnint;  of,  tho  Uovulutiun.  (  Huthop, 
I.,  5-»7,  5.W.) 

lltVJ:  Dotttnirtion  of  M*ttloniont  at  Mine  l^i  Motto  liy  Chirka-saw  Indiana  and 
ahandonmont  <if  tho  niino,  whirh  wa.««  not  ntHH-rn*"!  until   17'n<>  or  17.S*J. 

177S:  ()|M>nilion  of  li*ai|  niino  noar  Hinnin{;haiii,  Miair  County,  Pa;  rmunu^il  in 
1795,  ami  again  in   I.S4V4.     Xovor  ini|Nirtaiit. 

17.SS;  'V\w  first  mining  in  tho  Wi-Hcoiwin-Iowa  n*»:ion  wivs  doin*  at  Duhmpio,  low-a, 
by  Julion  I)ul>u<pio,  who  n>ct*ivo<l  grant  uf  a  loiui  niino  from  the  Fox  trilic  of  Imiianti. 
Duhuquo  worko<l  thi.n  niino  until  hin  doath  (in   l.StRM. 

17s«J:  Tariff  <»n  IojkI  fixo»l  at  I  c.  |K*r  Ih. 

I7^>.'»:   I)if»rt)vor)'  of  tho  Mini*  j\  Ijinyo.  aUtut   HI  niilos  .southoa-tt  of  I'otfiHi,  Mo. 

17'.>7:  Di.sctivrry  of  tho  Mino  i\  Manot<i,  on  Hig  Kivor,  St.  Fnin^iiji  County,  Mo  ; 
al.*Mi  Mino  1^1  IMatto,  aliuut  twu  niilcti  from  Big  Kivor,  nmr  tho  nouthoaxt  ctjrnor  of  Waah- 
iiigton  County. 

Arrival  in  Mifwouri  of  Monom  Austin  fn>ni  Wythovillo,  Va.;  inipn»voniont  of  sinolt- 
ing  niotho«l>i,  on*ction  of  lihol-towor,  an<l  wurk.s  for  nianufaotun*  of  ^hw-t  load. 

IN()I :  I)iM*ovory  of  Mine  h  Jue,  later  railed  liogy  Mino,  on  Uig  Hiver,  St.  Fran^oin 
County,    Mo. 

IML't  Dinrover}'  of  Mine  si  Martin  nntr  Putoni,  and  w*veral  oilier  de|KMit«  in  Wash- 
ington County,   Mo. 

I^Miiitiana  purrliaj«r«l  l>y  the  l"nite«l  St«t««ji  Miwt  of  tho  Fronrh  and  ."^imninh  ron- 
roNtiion-i,  whon  thoy  ha<i  l«*on  rt»ntinuou»ly  on-upioil,  won*  oonfirnu*<l  l»y  a  ronitniwion. 

iMNi  |)i>trovor>*  of  Now  DiggingN.  m-ar  Potoni,  Mo,  which  for  a  few  yoam  \tn>- 
dtienl  aiiout    IINMI   Ioilh  of  galena   (mt  annum. 

Duicover^'  of  minoH  at  Hajcol  Hun,  altout  five  niileit  northoa-tt  of  ii<inno  Torrv.  St. 
Francois  County,  Mo  ,  whirh  are  mid  to  have  yieliletl  MH\  tonx  of  lead  in  the  first 
year. 

IS07:  Act  of  CongroM  rraer\'ing  all  load  lan<iii  in  territory  of  I^ouiMana  ami  author- 
ixing  the  Ctovemor  to  grant  thrr«*-yoar  lea<i«*j«  to  di«r«>von'n«  at  roomily  of  Iff",  of  tho 
pnxlurt.      (.Vmeriran  .*»tate  pB|>eni,  iM  ei|  ,  IV.,  pp    'tjt\,  .IJi,*.) 

IHII :  Dixrovery  o(  Shihtioleth  niiiien,  nc«r  Cadet.  Woahingtoti  County,  Mu.,  whirh 
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in  the  first  year  are  said  to  have  vieKleil  LTjOO  tons  of  ore,  equivalent  to  loGo  tons  of 
Icail. 

ISIJ:  TarifT  on  lead  raised  from  1  c.  to  2  c.  per  11). 

1S14:  The  Fourehe  a  Courtois  mines,  at  Palmer,  Washington  County,  Mo.,  were 
discovereil. 

ISIG:  TarifT  on  lead  fi.xed  at  1  c.  per  lb. 

1820:  Lead  ore  worked  at  EUcnville,  N.  Y.,  luil  wilii  little  success.  Several 
veins  worketi  there  about  1854  and  two  Scotch  hearths  i-rected. 

1821:  Attention  attracted  bj'  exjilorers  to  the  Wisconsin  lead  region. 

1824:  Import  duty  on  lead  raised  from  1  e.  to  2  c.  per  lb. 

Discovery  of  Sandy  mines,  near  Ilillborou'^h,  JelTerson  County,  Mo.,  which  soon 
became  larjie  jiroducers. 

Joseph  Schutz  discovered  the  Valle  mines,  seven  miles  north  of  Bonne  Terra,  St. 
Franc;ois   County,    Mo. 

1825:  Bisch's  mine,  near  the  Valle  mines,  was  discovered. 

1S2G:  Development  of  Eaton  mine,  near  Madison,  Carroll  County,  N.  H.  Vein 
Icanly  mineralized  with  blende  and  argentiferous  galena. 

1828:  Tariff  on  lead  raised  from  2  c.  to  3  c.  per  lb. 

1830:  Golconda   mine  in  Franklin  County,   Mo.,   discovered. 

1832:  Discovery  of  small  veins  of  lead  ore  near  Lubec,  Me.,  and  Ijeginning  of 
development ;  results  never  successful. 

Final   withdrawal  of  the  Indians  from   Wisconsin. 

1834:  Discovery  of  Virginia  mine,  near  St.  Clair,  Franklin  County,  Mo.,  extensive 
developments  being  immediately  undertaken.     Smelting  begun  in  1835. 

In  consequence  of  the  large  number  of  illegal  entries,  the  miners  and  smelters  of 
Missouri  refused  to  pay  royalties  and  the  Government  was  unable  to  collect.  (J.  D. 
Whitney,  Metallic  Wealth  of  the  United  States,  p.  405.) 

1835:  Operation  of  lead  mines  at  Rossie,  N.  Y. ;  contiiuied  until  1S40. 

1836:  Discovery  of  Washington,  known  later  as  Silver  Plill,  mine  in  Davidson 
County,  N.  C.     Worked  almost  uninterruptedly  until  1852.     Reopened  in  1S55. 

Erection  at  Webster,  Washington  County,  Mo.,  of  first  Scotch  hearth  furnace  in 
Missouri.     (G.  C.  Swallow,  Report  of  Geological  Survey  of  Mis.souri,  II.,  59.) 

1837:  Reed  and  HoITman  erected  works  for  manufacture  of  white  lead  at  St.  Louis. 
Other  works  were  erected  soon  afterward  at  the  same  place.  ' 

Operation  of  vein  of  lead  ore  near  Redbridge,  N.  J. 

1838:  Value  of  cerussite  ore,  "dry  bone,"  first  recognized  in  Missouri,  leading  to 
the  erection  of  new  furnaces  and  an  increase  of  product.  (James  E.  Mills,  Geological 
Report  on  the  ^line  la  Motte  Estate,  p.  47.) 

1839:  Discovery  of  lead  ore  at  Rosiclare,  Hardin  County,  111. 

1846:  Operation  of  lead  mine  near  Shelburne,  Coos  County,  N.  H. 

Tariff  on  lead  reduced  to  20  per  cent,  ad  valorem. 

1847:  Congress  decided  to  sell  the  National  lead  lands  in  the  Mississippi  Valley. 

1848:  The  Avon  mines,  Ste.  Genevieve  County,  Mo.,  produced  eight  tons  of 
lead. 

Mining  of  lead  ore  begun  two  miles  east  of  Joplin,  Mo.,  by  William  Tingle. 

1850:  Mining  done  on  small  scale  near  Phcenixville,  Che-ster  County,  Pa. 

Mining  begun  near  Granby,  Newton  County,  Mo.,  in  which  vicinity  operations 
were  well  under  way  by  1857  and  a  large  output  was  being  made. 

The  air,  or  Drummond,  furnace  was  first  tried  for  lead  smelting  in  Newton  County, 
Mo. 

1851:  Mining  begun  on  Center  creek,  near  what  was  later  called  Minersville,  now 
Oronogo,  near  Joplin,  Mo. 


I'.niiii'ii  ni  iir>i  ><-..irii  h<\-irtli  fiinutn'  ill  i«Miiln»«'Hi«Tii  Mi>w«nin.  lix-.iti-I  nr.ir 
mouth  of  (V^Iar  rrf«-k.  Nrwton  (\miiiIv 

Iy<NiilNiiM'ttiiii;  furiuit-r  ••n-rt.-'!  ^iigar  l,,«iof  rpTk,  Ark.,  thi*  lirinjc  llw  fiml 

ill  llmt   Stall- 

\S,\J     UiHuinptidii  nf  iiiiiiitii;  nt  iiiMtMir,  N    V. 

|s.V{     Hitiiiiiiiiioii  )if  iniiiini;  at  Aiirntiii,  Coliiiiiliin  Couiily,  N    V 

ls.Vi.  'HirMiiMry  iniiii',  MKith  of  Tiii-m>ii,  An«  ,  inirrlioMil  Ity  Major  Km i-il  niKlothcm. 

IS.>7:  TnnlT  on   i«'u<l   niliir*'*!   to   I.V  i,   ad   valonMii. 

l-jtlul>liNhiiH>iit  of  town  of  (iruiiUy,  Mo.,  uiul  cpTtion  of  f uni  .nfi  l>y  IVt«*r  K  iilow 
aii'l    FrnliiuiiKl    KrniH'lt. 

IS.VS;  DiiU'oMTy  of  rirh  vriii  of  U'lvi  on?  at  (iuyinanJ.  •^•mtcil  until  IHIlK 

ami  btli-r 

Thr  Mowry  iiiIim'  p.'  '(n-  httt-N  <if  I,iout.  Sy|vii»t«'r  M«mry,  wlio  fniin  Ihi* 

«lat»«  until  iStVJ  o|M-ntl<-<l  it  on  a  <•  'nii.n  a|i|ic2im  to  Iw  tin*  lirnt  nilvi-r- 

Irail  iniiu*  wcM  of  tin-  U<H"ky  Mo  r  •    lui-n  iiiwriifl  in  an  rxt«'n«i\«'  way. 

Tlir  (onfi>lrr.itf  nnii^'  i.t  r«*|iort(Hl    lo  liavc   Uvii  su|»|tli«-l  h-  lf;ul   frviii  tliiji 

|H,V.J:  DiHctivrry  i>f  mini*'*  at  (;f««rKi't«i\vn,  Colo 

ISIW     Tariff  on  l«'a'l  '  '  •  I  c.  |ht  \\>.,  iin<l  lilrr  in  tin-  yrar  lo  I  .•  «•    |i«t  Hi 

Moil-  la  Motti'  fiirii.i  v«h|  l»y  rnit*^!  Slalift  (lovrrnini-nl,  hut  wmiii  n-lMiilt. 

iMiJ     Plant  «>f  tli«-  \  \.-.|  liy  liilrnil  tnio|w 

l.sii.1;   First  i|iM"ov«-i  ,  l.itllr  CottonwiNJil  rafion,  Ctali 

l>i-rovcr>'   of   the   Jonlaii    iiiinf,    liinKiiaiii   raiion,    I'tiih. 

!»iM-ovrry  of  ^ilv(•r-l^•a(l  iniiH-H  ut  ('a.Nt|f  Doiik  .  \r;/  .  \slil>!i  ..n  account  of  ln<lian 
lii(.Htilitic!t,  wen*  not  nrlivrly  worki>«l  until  l.siHi 

I.Mil:  Kirttt  litcatioiw  at  Kun-ka,  Nrv  ,  Init  ii<>  .,..,-...... .•  •■(•inpnta  wrrr  nuitlr 

until  IStVJ,  in  wliirli  yi*:ir  iIh-  gn-at  !«ilvcr-lrail  tl«*|Mt(iitN  wi'n<  oih'Ih-iI. 

Orcani/iitioii  of  St.  Jo-«-|i|i  Ix-ail  Co  .  wliirli  |mn-liuMi>(l  I^  Gmvi*  iniiMit  at  lionnc 
Trm-.  Mo.     Aftivr  o|M-nition.s  Ix'^run  in  IhIm. 

TarilT  on  l<i'l  rii.fi-^l  lo  '2  c.  |ht  IIi. 

Isi..')  I  ir^Miii/ation  of  (ininliy  Mining  and  Sm'-I'irr:  ('<>  tn  work  tin-  niincM  at 
(iranliy.  Mo. 

KpTtiiMi  and  o|wnilion  of  t«nifllinK  w«»rks  jii     \  ^  <innionly  rnilil«^i 

a.1  the  lM>;;inninK  of  riilviTdi-iut  Min-lliiu;  in  tin*  I'liititi  Sta'' 

laijli:  LalablutliUHMit  of  the*  Svll>y  MnrltitiK  and  n-linii.^  .^.m,,.  at  Snn  FrnnriHro, 
C«I. 

isn7:  DinctiviTy  of  nilvrr  li-aii  on-  in  the  Matrilalnui  Mountaini«,  N.  M. 

I )i.tc"ovrry  of  rifh  d<-|MiHiin  of  Mlvrr  on*  at  \\  liili-  I'iiH*,  \rv  ;  llH>ni<  »rr»»  tin*  first 
Lirsi-  Im>I  '  r  on-  found  in  a  liint-Klonr  for  Mio 

infonn.-i'  :  fnun  tlinii  l<>l  din-ctly  to  tic  it« 

of   I  'Tuanl. 

•\  at  t  >n>anii,  Nfv. 

\sits.  Tlif  Kniiiia  niiiH>,  l.illli'  Cottonwooil,  I'lah,  wax  kimtf^i  in  Auximt  of  ihia 
year,  but  no  lanf  i«hipiiM'ntn  wm*  nia<lf  until  July.  |H7t). 

IWKI.  Tlir  junrtiitn  of  ihr  rmt»n  ranlir  aixl  (Vntml  l*iu*iric  Inu-lu  wiu  nuulr  at 
rp.inonfor>     I  »ah.  May   ll»,   IMKl       Hir  Itah  (Vnlral  mil  '        !  lo  S«iU 

I_ik<-  <  ilv   in   I  I.  >  ■  iiiIxT,    IMW.      T)\r  roinpMlolt  of  tho  I'l*  ,    utiniU- 

sinc  availal>lr  to  niarki  t  iIm-  UmiI  ut  «>p-jt  prrvi- 


i  ,  'i  Ij-aA  Co   nt  lioniio  Trrrr, 

Mo.,  anil  di«ro\'cry  of  di«Nrniiiuitr«i  on-  at  depth  of  IM  ft 
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The  important  silver-lead  deposits  of  Eureka,  Nev.,  bejjan  to  be  productive.  The 
American  practice  of  silver-lead  smelting  has  been  developed  chiefly  from  the  methods 
introduced  in  this  district. 

1870:  First  important  developments  in  the  districts  of  Big  and  Little  Cottonwoods, 
Bingham  canon,  Stockton  ami  Tintic,  Utah. 

The  Miller  mine  in  American  Fork  canon  was  discovered,  but  was  not  worked 
extensively  until  1871. 

Construction  of  narrow-gauge  railway  system  in  Colorado  begun  by  Denver  & 
Rio  Grande  Railway  Co. 

Discovery  of  lead  mines  at  Rosita,  Colo. 

The  mines  of  Eureka,  Nev.,  became  large  producers. 

Beginning  of  shipments  from  the  great  Emma  deposit.  Little  Cottonwood  canon, 
Utah.  This  was  the  jjrincipal  source  of  lead  in  Utah  up  to  1875,  when  the  deposit 
was  exhausted. 

Invention  of  the  siphon  tap  for  lead  blast  furnaces  by  Albert  Arents,  and  its  appli- 
cation at  Eureka,  Nev. 

Erection  of  lead-smelting  works  at  Omaha,  Neb. 

Discovery  of  lead  ore  in  large  quantity  at  Joplin,  Mo.,  followed  by  the  rapid  develop- 
ment of  that  district. 

1871:  The  mines  of  Big  and  Little  Cottonwood,  Utah,  made  large  shipments. 

Discovery  of  silver-lead  ore  in  Parley's  Park  district,  now  Park  City,  Utah. 

Chicago  an  important  smelting  and  refining  center. 

1872:  The  Ontario  vein,  Park  City,  Utah,  was  located  June  19. 

Discovery  of  silver  ore  at  Georgetown,  N.  M. 

Refining  of  lead  begun  at  the  Germania  works.  Salt  Lake  City,  Utah. 

E.  Daggett  installed  cast-iron  water-jackets  at  the  Winnamuck  smelting-works, 
Utah,  these  being  the  first  water-jackets  in  Nevada-Utah  smelting  practice  and  the 
first  cast-iron  jackets  employed  anywhere. 

Discovery  of  lead  ore  in  Cherokee  County,  Kan. 

Tariff  on  lead  reduced  to  1.8  c.  per  lb. 

1873:  Discovery  of  silver-lead  mines  in  Wood  River  district  of  Idaho. 

The  United  States,  by  Act  of  Congress,  February  12,  discontinued  the  coinage  of 
silver  dollars.  This  Act  did  not  demonetize  silver  in  words,  although  it  did  so  in  effect. 
The  silver  dollar  was  not  named  in  it.  Precisely  what  the  Act  did  was  to  authorize 
the  coinage  of  silver  half-dollars,  quarter-dollars  and  dimes  below  standard  weight, 
and  of  a  new  silver  coin  for  Asiatic  commerce,  of  standard  weight,  to  be  called  the 
"trade  dollar,"  and  to  prohibit  these  coins  from  being  legal  tender  for  more  than  five 
dollars  in  any  one  payment.  The  German  Government,  by  Act  of  July  9,  provided 
for  the  retirement  of  its  silver  coins  and  the  sale  of  the  bullion.  By  a  Treasury  order, 
September  6,  France  limited  the  amount  of  silver  to  be  accepted  by  its  mint.  These 
actions,  which  were  soon  afterward  followed  by  similar  ones  in  other  countries,  were 
closely  involved  with  the  silver  qviestion,  and  the  decline  in  the  value  of  silver,  which 
began  at  this  time,  culminating  in  the  crisis  following  the  clcsing  of  the  Indian  mints  to 
the  private  coinage  of  rupees,  June  26,  1893,  had  a  powerful  effect  on  the  silver-lead 
industry. 

1874:  Early  in  this  year,  argentiferous  lead-carbonate  ore  was  found  on  Iron  Hill, 
Leadville,  Colo.,  and  the  Lime  and  Rock  claims  were  located. 

Discovery  of  silver-lead  ore  at  Danvin,  Inyo  County,  Cal. 

Installation  of  dust-chambers  at  several  Western  lead-smelting  works  and  adoption 
of  methods  for  further  treatment  of  matte. 

1875:  Discovery  of  Horn  Silver  mine,  Frisco,  Utah. 

Mining  was  begun  at  Webb  City,  Mo. 


(    UK'  'N'  •!,'  M  '\  .',.', 

T.'irifT  i»n  liviil  rni«>i|  to  '2  r    |»<t  lit. 

I'ir«t    nliipiiH'iil.H   fn>iii    I.<>:iil\  ill<>.   Coin. 

Miiiiiit;  wiiM  Im^kuii  tit  ('arliTVilli*,  Mo 

liivi>s(ii;iili)»ii,<4  liy  Anion  Kilrrn  iiml  ollicrf*  ilrtcrniinKil  tlir  rurn-<-t  |>rinri|il<-i«  in 
pn'iKiriii);  rharK<'K  of  on*  for  Mucltini;,  »  (li*v<'|o|inii'nt  of  grfnt  iTonitinir  iiii|Mirtnur«- 

IS77:  Tin*  liii.isirk  uiiiu*.  ni*ar  Silvrr  ClifT.  Colo  ,  ln-giin  t<i  tJiow  i-viiliMio*  of  vnliii*. 

First  Hiufltin^  work.n  iTtTt«'«l  at  I^tulvilli*.  C«ilo 

I.S7S:    I )iM<ovrr>'  of  llir  Nilvrr-lrml  ilr|M>NitM  of  Sicrni  Mnjinln.  CoHliiiiln,  Mcxiro 

(in«nt  pxrili'incnt  nt  I.<>n«lvillr,  Colo.,  when*  many  ni'w  i|i>«*ov«'ri«*f«  wi-n-  nui<ir 
VUc  output  of  on-  lM>);aii  to  Iw  l.irv«v 

Mini's  of  lliH-la  Coiiwtliilat«ti  .Mining  Co  ,  at  <ili'n<lalr.  Mont  ,  Itornnio  prmliirtivp. 

DisriiviTV  of  li>:it|-('arlH»ui(<>  on*  in  tlw  <'aHt<Tn  |K»rl  «if  (iiinniHon  Comily.  Colo 

HIa-Ht  fiiriuinw  siiltsiitiitiil  for  n-vrrlM-nitory  at  workn  of  St.  Jow-ph  IauuI  Co. 

Till*  .\ni<>riran  I'ii;  I<4'a<l  .\««orialion,  an  allianro  of  llio  prinri|>al  Utu\  miiMTH  nn<l 
l<>ail  Hnu'lt4*r!4  of  tlu>  rnit4>«l  .^tatos,  wa.H  fornuil  to  maintain  tin*  prir**  of  |i>:i<|  at  nnni- 
iiiiini  of  4  r.  |t«>r  lli.     Tin*  atlrnipt  faili>«l. 

Intnxliirtion  of  Ix'wiN  \  Itartlcit  priM><-s.*<  at  I.oni-  l-'.lin  .mncllrr>'.  Joplin.  Mo  ;  tins 
A.is  the  first  application  of  rloili-liltnilion  of  fiinx'  in  the  nx-lallnrtry  of  li-.nl 

l><vs|ogi>  mill  ami  fiiriukcc,  ailjarrnt  t«)  workn  of  St.  Jo.si>pli  I.,4>:i<l  Co.,  lionnc  Trrn*, 
Mo,  put   in  o|M>ration. 

First  |iM\ttion  ma<l<'  at  Toml>ston<*,  .Vri/. 

\S7\i:  First  important  ilis<>ov«'rirs  in  thr  \Voo«l  Kivrr  tlistrirt  of  Idaho.  Orr  liail 
Uvn  kno\%-n  to  «'jcist  in  this  di.strirt  sino<*  IST.'t,  Imt  dcvHopniPnts  won*  rhcvki-tl  l»y 
lixlian  tntulilrs  ami  not  actually  U^pui  until  IHStl.  Th<*  distrirt  lirramo  pro<lurtivc* 
1  IH.SI,  nuikins  tho  first  im|>ortant  output  of  Irad  in  Idaho. 

I )i.sc«v«"r>'  of  li>ad-rarlM>nati>  on-  at  Uiro,  Colo.;  also  at  Kp<I  Cliff,  Colo,  and  at 
Kokonio,  C<ilo.     ConsidcniM)'  rxritcnirnt   in  thr  tiuimison  r«»imtrj',  Colii. 

I)isr<»v«'r)*  of  proniiHiiiK  drjMJsits  of  silvrr  on*  at  .\s|M'n.  Colo  ,  and  in  the  San  Juun 
n>i;ion  in  the  south>vcstiTn  part  of  tin*  same  .'^tat<>. 

I^'ad  minrs  t|is<'ovon'd  at    Harkrr.   Mt';i*:lnT  Ctiunty.   Mont. 

IKSO:  Completion  of  tin*  Siuthi'rn   Pacilic   Kailway  through   .\rizona. 

The  Donvor  iV   Uio  Cininde  Railway  n'arh«»«l  I.^>advilli>,  Colo. 

Dijtcovery  of  Silver  Valley  mini-,   David.son  County     V    <" 

Strike  of  minent  at    I/«>adville,  Colo. 

Discovery  of  li>iul  nrr>  at    H«>liins4in  and  Kokomo,  (  <ii>> 

KxritemenI  in  the  (iunni.son  distrirl  «if  Colorado,  whirh  ilid  not,  however,  nui- 
ter»ali«e  into  developments  of  jjn-at    im|»ortanee 

St.  I/Oui>^«V  Sjin  Fnim-iM'o.  Mis.souri  I'aeifie.  anil  Kan.sasCity.  Fort  Soott  A  Memphis 
niilw.iys  exlendiil   into  Jnplin  district,   Mo. 

IHMI :  Mstjililisliinent  of  snielterj*  al  S>rorro,  N.  M.,  for  treatment  i>f  on-s  of  .>>«>rorro 
ami  Mig;dalena. 

ISK2:   |)ii«r(tvor>'  of  the  Vi«»bi  mine  nt  Nieholin,  Idaho. 

Reil  ClifT,  Colo.,  Iie|;an  to  make  a  ron.sidenihle  output. 

l.S.H.'{:   Maximum   output    of    I^>adville,  Colo. 

Monarrh  distrirl,  Colo.,  lM*san  to  lie  lanr«>  prnilurcr  of  l4>n«l,  output  nttainiiifc  maxi- 
mum in  ISH,*). 

Divstnirtion  l«y  fire  of  mill  and  mine  liuildinKi«  f»f  St.  Josrph  Ixwd  Co,  nt  lloniM' 
Tern*.  Mo  ,   replansl   immtsluttely  Iiy  l:irjre  and  impni\«s|  works. 

'n>e  Viola  mine,  at  Nirholia,  l^'inhi  County.  Maho,  Ufjan  to  l«r  prmlurtivr. 

TarifT  on  lend  rtmtinueil  nt  '.'  r    fier  lit. 

IS.H4:    Asfien.  Colo  ,  lirintli  l<>  proilurr  n  mnmtlrmlile  quantity  f>(  lend  urr. 

The  Neihart  district  uf  Montana  liiican  to  attain  proniiiM-nre 
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(Ipcninfi  of  pxtonsivo  lunlii's  nf  loail-carlionatc  oro  at  Cook's  Peak,  Hrant  County, 
N.  M. 

First  iliscoverios  in  the  Cinir  d 'Alone  disdict,  Idalio. 

Destruction  by  fire  of  works  of  Dcslojje  mine,  at  lionn(>  Terre,  Mo.,  and  purchase 
of  mine  by  St.   Joseph   Lead   Co. 

1SS6:  Mines  at  Aurora,  Lawrence  County,  Mo.,  lie^an  to  \)o  ilcveloped. 

Discovery  of  Wardner  district  on  tlie  south  fork  of  tlie  Ccrur  d'Alene  River, 
Iilaho. 

First  production  of  lead  ore  in  tlie  Coeur  d'Alene  district,  blaho. 

Mexican  lead  ore,  especially  from  Sierra  Mojada,  hejian  to  bo  imported  into  the 
United   Slates   in   important   (piantity. 

1887:  Openinjj  of  Doe  Rim  mine,  near  Farmin^ton,  Mo. 

Contest  between  local  and  valley  smelters  in  the  market  for  Leadville  ore,  with 
atlvantage  in  favor  of  latter,  owing  to  railway  discriminations. 

1888:  Attempted  corner  in  the  lead  market,  leading  temporarily  to  high  prices, 
but  resulting  finally  in  the  failure  of  Corwith,  the  chief  speculator. 

1889:  Establishment  of  the  silver-lead  smelting  industry  in  Mexico,  the  rapid 
tlevelopment  of  which  greatly  reduced  the  supply  of  Mexican  ore  available  for  reduc- 
tion by  American  smelters. 

Development  of  di.sseminatefl  ore  at  Flat  River,  Mo. 

Tariff  on  lead  continued  at  2  c.  i)er  lb.,  and  lead  in  ore  made  dutiable  at  rate  of 
1.5  c.   per  lb. 

1890:  Completion  of  Mississipj)i  River  &  Bonne  Terre  Railway  and  removal  by  St. 
Joseph  Lead  Co.  of  its  smelting-furnaces  from  Bonne  Terre  to  Ilerculaneum. 

Completion  of  Northern  Pacific  and  Oregon  Railway  and  Navigation  Co.s'  tracks 
into  the  CcEur  d'Alene  district. 

1891:  Discovery  of  silver-lead  ore  at  Creede,  Colo. 

Incorporation  of  the  National  Lead  Co.,  this  concern  succeeding  the  National 
Lead  Trust,  organized  a  few  years  previou.sly. 

1892:  Development  of  large  bodies  of  silver-lead  ore  at  Cook's  Peak,  N.  M.,  and 
heavy  shipments  from  that  point. 

The  Maid  of  Erin  mine,  Leadville,  Colo.,  shipped  its  last  lot  of  lead-carbonate  ore 
in  December,  exhausting  its  great  deposit  and  practically  marking  the  end  of  the  pro- 
duction of  this  class  of  ore  at  Leadville. 

Strike  of  miners  in  the  Coeur  d'Alene  district  on  account  of  rctluction  in  wages. 

Invention  of  the  Howard  skimmer  for  handling  zinc  crust,  which  was  one  of  the 
most  important  of  the  mechanical  improvements  in  the  Parkes  process  of  desilveriza- 
tion.  First  put  into  practical  use  at  the  works  of  the  Pueblo  Smelting  &  Refining  Co., 
Pueblo,  Colo.     The  Howard  press  was  invented  a  little  later. 

1893:  The  report  of  the  Herschell  committee,  closing  the  Indian  mints  to  the 
private  coinage  of  rupees,  was  pulilished  June  20,  causing  a  decline  in  the  price  of  silver 
from  81  c.  to  02  c.  per  oz.,  and  contributing  to  the  indu.strial  panic  which  occurred 
this  year,  leading  among  other  things  to  the  su.spension  of  operations  in  many  silver- 
lead  producing  districts  of  the  United  States. 

All  of  the  mines  in  the  Coeur  d'Alene  closed  temporarily  on  account  of  low  prices 
for  lead  and  silver. 

All  of  the  smelters  at  Leadville  suspended  operations  in  the  autiunn,  only  two  of 
them   sub.sequently  resuming. 

Importations  of  small  amounts  of  lead  ore  from  Briti.sh  Columbia. 

1894:  Second  strike  of  miners  in  the  Coeur  d'Alene. 

Tariff  on  pig  lead  reduced  to  1  c.  per  lb.,  and  on  lead  ore  to  0.7.')  c  per  Uj. 

Formation  of  association  of  the  principal  smelters  of  Colorado  to  limit  prices  to  be 
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|titi<t  for  itn>^       riif  ftmiitinntiiiii  Wfiit  («i  iihh-cn  early  in  IHU.')  ainl  iiliiir|»  r<mi{M'(itt«jii 
MHH  itKHiii  iiutui;ur:kt«-<l. 

ls*jt\:   rirj»t   |Mitint    -xvurfl  on  lln»   I  i-llrlH^rlcin  |»n(r«-%i«,  a   f- 

ikiul  n*viiluti(iiuiry  itii|ir<>\<'iiH-nt  ni  llw  iif  „  :    .(  U'lui.     'V\iv  \tn>rt-<¥t  wri     .  ,     . 

it  IVrtUMtUi,  llnly,  l>y  Tlumuui  Htintin^tun.  nn  Anu'riran  rituu*n,  and  Kmlinaital  llc> 
•  MTli'in,  n  (irniuin. 

Striki*  (if  niiiM>n«  nt  Ix>fulvillo,  Colo  .  whirl)  prnrlirnlly  it(ii|i|H^i  nil  |inHliiriiiin  tliirine 
tlir  In-it  xix  mnnlhii  nf  tin*  yi>nr. 

In  AuKUHt  (if  tliiH  y<>ar  tin*  prin*  for  li>:iil  f<'ll  (o  iho  lowrmt  |Mtint  on  DTonl  in  iii<* 
riiiti-tl  Slat«*"»,  ■_•  fMI  !•    iHT  III.  N«'W  Vnrk,  li;o  uTi-pli-*!  f<»r  ■••vrnil  IoIn       I 

.ivi-nijir  for  AujjuhI  \v;is  _'  7A  r  ,  iiml  for  tin-  v-  The  lowi-^l  prici*  nt  SJ    I      , 

V  :u.  2A:\  r. 

IHi»7;  T:irifT  on  pii:  Ici.I  niiniil  to  JJ  r    |wr  \\> ,  nrt<l  on  !<■  il  m  "r.-  i..  I  .'.  «     im  r  ||, 
Dnifilcy   lull  ) 

Till*  oil  I  work  4  of  tilt   .-^i    l^iiiiH  Snirliini;  and  Rrrinins  ('«•   ■•<     ■    i-""^.  " >>fi 

Ix^rn  itIU'  for  H  lotiK  (inir,  wen*  iienin  put  in  o|M'nilion  t«>  runrlt  nrvn  for  innlhiiiMii-ni 
iri  nml  the  Joplin  ilisirict.  Fmui  tliit  tinic  St.  I/oiii.i  inrnvuvil  nipiilly  in  ini- 
c'l*  ii-H  n  ri>i»Ji'r  «>f  li-ml  pnMliirtion. 

I.VJS:  I  '  >n  of  Knipin*  Slale-lclaho  Mining  and  Dcvclopnirnt  Co.,  thelMi^in- 

nini;  of  ci<i.  is  in   the  Ctfiir  d'AK'ne. 

'rill*  St.  Iaiiiih  SiiD-ltitii;  and  Ui-ruiitii;  Co.,  a  ronHliliu-nt  of  the  National  I.4*:id  Co  , 
artpiin'*!  pro|M'rty  in  the  di-ist'iiiiiiatiil  dislriel  of  Mimoiiri  hiuI  iMkM'i  ii^  di  \<  t<>i>iii< m 
■•".idiiu;  to  a  lar]^>  pHMliirlion  of  lea<l  in  the  roiirM*  of  a  few  y«>tir?« 

iSfM:  Orjcaniuition  of  the  Anieriran  Stneltins  and  Hefininf;  ('•'  .   .>.•.■  m  .•.•,■■■■<•  .• 
irp*  niiinlirr  of  the  nilverdead   Kineltiii);  and   n-fininc    works  of   the   I'niletl   Slale-« 
■vvenil  of  the.He  wen*  promptly  di.Mnitntle«l. 

ThinI  Keneril  strike  of  niiiiiTM  in  ihi*  Cu'iir  iTAIene,  dynaniiline  of  the  Hunker  Hill 
\  Sullivan  niill.  April  'J*.t,  prochmuition  of  martial  law,  arnl  final  n<o|H>ninK  of  the  miiM*fl 
on  a  non-union  lia'>i*(. 

Kntmnr«'  of  ihe  <  iuccenheimx,  und«'r  the  name  of  tho  Fe«!enil  lA'nt\  Co.,  into  the 
diKwmiiuittti  ilistri.'t  of  >atuthi-a>«lern  Mits«iuri. 

Slhkp  of  Hinelter  workmen  in  Colonido  early  in  June  hin<lerc<d  o|trmtion.H  for  many 

wepkll. 

(irrat  inrrm-Mi'  in  urn'  of  lead  for  el«"rtrir«l  purj»o«te.H  (coverinu  rahloji,  otc.). 
HNMI:  ( >ri;anixalion  of  (SuKKenheim  Kxploration  Co.,  which  ar<piin<il,  nnionf;  olhrr 
r<i|«i'rty,  the   rapital    M4>ck    of    the    re«lind    Ix-ad    Co.    and    of    the    !lili<w«)uri   Smelt- 
■<  Co  ' 

l*.NI|  :  Al»tioqilion  hy  the  Amerir^in  Smelting  and  Uerminit  Co.  of  the  ntnellinK  in- 
t«>rr*)*tt  of  M.  (iuKKenheim'H  Soiim,  the  hitler  iMToming,  however,  the  dominntinK  fartor 
in  the  nntaleamatetl  roinpany. 

'ITie  Ameriean  Smeltitu;  and  Hefining  Co  aMMuineil  rfinln>l  of  the  Intd  market,  fixinc 
'he  price  Uith  for  prmlui^-rs  ami  e«>nmimeM,  anil  n>sulatini;  the  output  l>y  ni;n<«*ment 
'  ith  the  InrKT  pnnlurtTn  and  by  ndjuMnient  of  ili  finM'llinc  rhnrireii  in  nmnertion  with 
.i-em.     A  Very  I  >  '  ti  the  ntork  of  |r>:id  on  linn«i  orcum>l  Ihm 

however    wn^  I  of  in   I'MTJ  and    I'.Mtt 

r.Mi.'     1  .!„    l..td  .lUil  at   Trail.   H    C  ;  Ihr  fiml 

K-rtnilytu  .1  lie  put  .n 

>tnk«-  iif  iiimiT*  at   ^  Lit   |{i\er.  "nnilhenitern  Mi<i.«tiuri 

Output  of  Cifiir  d'.Vh-ite  dintnei,  Idaho.  Iiiiii(i<<l  liy  nrrnnsement  laetwi^ii  tti.- 
leadine  prmiurrm  nriii  the  Amenrnn  Smh-IIiiis  oihI  Hefininj;  (*o 

Tlie  AnM-nmn  Smelling  aiMl  Hefinina  Co    put  the  nmrketins  of  il«  len>l 

tntrt  iiOMis  rilliDK  onlem  for  pn>mpt  ulnpnwnt  only  at  a  pn>niiiim  of  J  't  r    |irr  KM)  ll>  , 
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tliis  hoinp  tloiio  to  imluco  consumers  to  cover  tlioir  requirements  ahead  and  carry  the 
stocks  tliat  formerly  the  smelter  often  had  to  carry. 

Further  steps  were  taken  iiy  the  American  Smelting  anil  Refining  Co.  to  centralize 
its  smeltins:  operations,  the  Philadeljihia  plant,  at  Puehlo,  Colo.,  being  closed,  and  the 
famous  old  .snielterj'  and  refinery  at  Kans;is  City  being  abaniloned  and  soon  afterward 
dismantleil. 

1903:  Consolidation  of  many  of  the  large  mines  of  the  Ca-ur  d'Alene  by  the  Federal 
.Mining  and  Smelting  Co. 

Organization  of  the  United  Lead  Co.,  which  secured  control  of  nearly  all  the  manu- 
facturing plants  making  sheet  lead,  pipe  and  shot,  21  in  number,  together  with  a  few 
white-lead  works. 

Western  Mining  Co.  organized  as  a  subsidiary  company  of  tlie  Ciuggenheim  Ex- 
ploration Co.,  acquiring  several  of  the  principal  lead-producing  mines  at  Leadville, 
Colo. 

In  July  there  was  a  strike  of  the  smelter-men  at  the  Grant  works  of  the  American 
Smelting  and  Refining  Co.,  and  the  plant  was  closed  by  the  company  and  abandoned. 

1904:  Termination  of  miners' strike  in  southea.stern  Mi.s.souri.  The  labor  troubles 
in  this  district  had  been  a  festering  sore  for  two  or  three  years. 

1905:  Adoption  of  the  Huntington-Herberlein  process  by  the  American  Smelting 
and  Refining  Co.  It  had  previously  been  introduced  in  Italy,  Germany,  Spain,  Great 
Britain,  New  South  Wales,  Tasmania,  Mexico  and  Briti.sh  Columbia. 

Redirection  of  attention  to  many  of  the  old  mining  di.stricts,  including  Cerro  Gordo, 
Cal.,  and   Eureka,   Nev.     Consolidation  of  Eureka  and   Richmond  companies. 

Purchase  of  the  Selby  works,  at  San  Francisco,  l)y  the  American  Smelters  Secur- 
ities Co.,  a  sub-company  of  the  American  Smelting  and  Refining  Co. 

Organization  of  the  United  States  Smelting,  Refining  and  Mining  Co.,  taking  over 
several  independent  works,  with  plans  to  enter  into  competition  with  tlie  American 
Smelting  and  Refining  Co. 

1906:  Reopening  of  many  old  silver-lead  mining  districts,  idle  for  from  10  to  30 
years  previous,  including  Eureka,  Nev.,  and  Cerro  Gordo,  Cal. 

The  United  States  Smelting,  Refining  and  Mining  Co.  erected  an  electrolytic  lead- 
refinery  near  Chicago,  111.,  this  being  the  first  of  this  kind  in  the  United  States. 

The  Guggenheim  interests  practically  secured  control  of  the  National  Lead  Co., 
thus  brincing  the  major  part  of  the  lead-consuming  industry  of  the  United  States  into 
direct  affiliation  with  the  American  Smelting  and  Refining  Co. 


Ill 


Thk  (lov«'lt>pmriit  of  the  load  industry  in  tlic  Initoil  Statrs  \\iis  l)oon 
e«j)e<'i:illy  nrFtMt«'(l  l>y  iinpntvi'incnt.s  in  mining  and  milling  inftlHKb<.  in 
traiispurtntinn  facilities  and  in  njctalhirnical  prartire.  The  lust  two 
factors,  which  are  clusely  cunnectod,  have  U^en  tlu*  tn«»re  jxtwerfnl.  Trans- 
portation Ikls  matle  |)ossil)le  the  explnitatinn  of  ore  de|>»sits  in  remote 
places,  unfavorable  to  local  smelting,  an«l  the  estahlLshnient  of  large, 
econonu<*al  plants  at  c'entral  p«iints.  These  larjie  plants.  conimandinK 
technical  skill  of  the  highest  onler,  have  presented  «»pi)ortunities  for 
the  development  of  improvements  in  practice,  which  wjuild  have  l)een 
slow  in  maturing,  or  <|nite  im|)ossil)le.  in  smaller  and  b*olated  plants, 
and  these  improvements  have  led  to  economies  of  far-reaching  efTect. 
In  onler  to  ap|)reciate  the  liearing  of  thus  great  factor  in  the  hLst<iry  of 
the  industry,  it  is  necessary  t<»  corjsider  carefully  the  principles  of  the 
metallurgy  of  lead. 

The  art  of  extracting  lead  fmm  its  ores  is  based  on  these  principles: 
(1)  the  retluction  of  lea«l  oxide  by  carlntn.  (»r  carlntn  monoxide;  (2)  the 
reaction  U'tween  lead  sulphitle  and  lead  sulphate  or  oxitle,  resulting  in 
a  double  deconi  posit  ion;  and  (.'!)  the  decomjjosition  of  lead  sulphide  by 
metallic  iron.  All  of  these  reactions  .are  endothcrmic,  {.r.,  they  al>sorb 
heat,  which  must  Iw  sjipplied  extraneously.  The  first  principle  is  the 
basis  of  what  Ls  known  lus  the  rojist-re«luction  method  of  smelting,  in 
which  lead  oxide  (<»r  leail  silicate,  or  some  other  oxi»lize<l  com|)ound) 
must  \>c  prepared  from  sulphi<le  ore  by  a  preliminary  n):isting.  The 
second  is  the  basis  (»f  what  is  known  jus  the  n)jt'*t-reaction  method.  .And 
the  third  is  the  bxsis  (»f  the  privipitrition  !in»thod.  .Ml  <»f  these  methotis 
are  employed  practically  in  the  I'liited  Stat«'s  at  the  present  time,  either 
alone  or  in  combination,  the  latter  l>eing  nn»st  commonly  the  caso;  also, 
the  principles  are  not  practically  mt  sharj)  :is  theoretically  stated,  the 
reactions  fundamental  to  our  |in)(i->i  invariably  playing  a  certain  part 
in  the  other  pnK'es.ses, 

If  a  lead  ore  were  al»»>liit4  ly  pure,  tht're  woidcl  lie  no  other  considera- 
ti(»n  in  the  smelting  pn»cexses  than  those  reactions  which  relate  to  lead 
and  its  chemical  combinations;  but  practically  leail  ores  are  newr  ptirr. 
the  valuable  minerals  lieing  mixe<l  with  a  certain  pn>p«»rtion  of  foreign 
IiiattiT     wliicli    nMi-.t    lp   «ii»:ir.ifi  i|   l(\    iii.ikiiii'   .i   -^lii'   nf  it         In    tin-    n.ist- 
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reaction  method  of  smelt iii.u;,  it  is  true,  no  sla.o;  j)ro])erly  speakiiij>;  need 
be  made,  the  reihieed  lead  hein.u;  li(iuated  out  from  the  worthless  impu- 
rities, but  the  latter  will  still  I'etaina  hi.uli  p(M-centai;e  of  lead,  and  in  order 
to  effect  a  liiiih  dei;ree  of  extraction  from  the  ore  it  must  be  subjected 
to  a  further  smelting  process  in  which  a  true  slag  is  made.  In  making 
a  slag,  the  object  is  to  combine  the  impurities  into  a  fusible  silicate,  which 
when  molten  will  be  of  comparatively  low  specific  gravity,  so  that  the 
heavier  lead  will  .settle  to  the  bottom  of  the  crucible,  whence  it  may  be 
drawn  off  separately,  while  the  lighter  slag  will  fioat  on  top.  Besides 
the  slag  and  metal,  there  is  formed  practically  another  substance,  called 
matte,  which  is  lighter  than  the  metal  but  heavier  than  the  slag;  and 
sometimes  also  a  substance  called  speiss,  which  is  heavier  than  matte. 
Matte  is  an  artificial  sulphide,  consisting  in  lead  smelting  usually  of  the 
sulphides  of  iron,  lead,  and  copper  (if  copper  be  present  in  the  ore),  and 
owes  its  origin  to  the  incomplete  elimination  of  the  sulphur  of  the  ore. 
Similarly,  speiss  is  an  artificial  arsenide  of  iron.*-/ 

The  difference  between  lead  smelting  in  principle  and  in  practice  is 
chiefly  due  to  the  incompleteness  with  which  the  basic  reactions  are  car- 
ried out,  and  the  qualifying  effect  of  the  impurities  that  are  commonly 
met  with  in  the  ores.  Thus  certain  metallic  impurities  are  reduced  with 
the  lead,  contaminating  it  and  necessitating  a  subsequent  refining  process. 
Other  impurities  affect  the  composition  of  suitable  slags.  Others  still 
affect  the  running  of  the  furnace.  It  is  the  reconciliation  and  neutraliza- 
tion of  these  various  difficulties  that  constitute  the  duty  of  the  metallur- 
gist, whose  purpose  is  to  treat  a  ton  of  ore  in  such  way  that  the  difference 
between  the  value  of  the  products  extracted  and  the  expense  of  treatment 
will  be  the  maximum,  the  value  of  the  products  depending  largely  upon 
the  percentage  extracted,  and  the  expense  of  treatment  including  interest 
and  amortization  charges  on  the  capital  invested  in  plant,  etc.  It  is  only 
since  about  1885,  however,  that  the  art  of  lead  smelting  has  been  re- 
duced to  any  such  basis  of  precision. 

The  most  primitive  form  of  lead  smelting  in  the  United  States  was 
practised  with  the  log  and  ash  furnaces  employed  in  Missouri  prior  to 
1850.  These  furnaces  and  the  method  of  their  operation  are  described' 
briefly  in  a  subsequent  chapter.  They  employed  the  roast-reaction 
system  of  smelting  and  were  applicable  (mly  to  non-argentiferous  galenas, 
of  very  high  grade  in  lead.  They  were  for  the  most  part  displaced  about 
1840  by  the  Scotch*  hearth  furnace.     Later  on  reverberatory  furnaces  of 

'  This  term  is  not  .strictly  accurate,  since  the  furnaces  of  this  elass  that  were  intro- 
duced into  America  were  early  modified  materially  from  their  prototype  as  employed 
in  Great  Britain.  They  are  described  more  precisely  as  the  American-Scotch  hearth, 
which  term  is  to  be  foimd  in  many  metallurgical  treatises,  but  is  never  heard  in  prac- 
tirr>,  thf  tf>rni  Scotch  hearth  having  been  adopted  for  brevity. 
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tilt;  MJnt.^liin'  ty|)o  v:\mv  into  ux-.  I>iit  iM*\rr  rxu-iisivrly.  imr  willi  htuli 
siHMTss  :is  l«>  tievflnp  !i  |)i>riiiaii('iit  iiietallurKicul  praclicc.  The  SfoU'h 
hearth .  however,  htw  Hurvived,  and  in  itrt  iiUKlcrn  dcvelopntcnt  w  tho 
hx^iis  «if  a  highly  elliiient  pn«'«'.s.s  in  tl  •  iiil  of  certain  elujwcri  of  urc, 

«'si¥TialIy  hi^h-^ratle  nim-artientifi-n".    „ 

Neither  the  S<*ot<'h  hearth,  nor  the  ri'verlteratory  ftimarc,  whirh  were 
in  use  in  .Mi>souri  ainl  Wiscoitsin  whj-n  the  >*il\«'r-lea<l  deposits  west  of 
the  Kofky  .Nhtiintains  lH«j;an  to  l>e  developed,  is  well  ada|)te<l  to  the  treat- 
nwnt  of  anientiferoiw  ore,  or  to  U»e  trpiitmont  of  ore  cont-ainin^  le«H  tlian 
<M)'','  of  lea«l,  while  the  smelting  of  rarlMtnate  on-s  alone  in  thoso  wa_\*s 
is  of  Connie  infe.i.><il»le.  The  ado|)tion  of  the  l>l:ist  fnrna**'  w:ls  theref«»ro 
the  only  resort,  nlthon^h  many  |x>rsonM  had  to  learn  this  hy  their  own 
ex|ierien<'e.  ereetinK  hearths  and  reverl>eratories  with  «»f  course  dtsoHtruiiii 
results.' 

In  the  early  history  of  hlast-furnaco  Kmoltin^  of  8ilver-lea<l  ore  in 
the  I'nited  States,  the  work  was  dour  chiefly  for  the  reduction  of  the  <»n* 
of  a  sin;;le  mine,  or  single  jin>up  of  mines,  as  at  liuri'ka,  Xev..  (  erro  (i«»rdo, 
Cnl.,  and  at  several  placets  in  I'tah.  The  charges  were  generally  rich 
in  lead.  Their  silver  and  gold  contcMits  went  of  course  chiefly  into  the 
lead,  but  although  they  were  c«unmonly  the  most  im|)ortant  elcincnls 
of  value  in  the  ore,  the  process  wjw  ossontially  one  of  lead  smeltiii:: 

I.^»ter  on.  when  many  «»f  the  rich  lead  dejxisits  lKM*ame  e\hau>t«-.|, 
when  the  tomiage  of  n-U'llious  '  gold  an<l  silver  ores  greatly  in(re:i.>«<'d, 
when  trans|)ortation  facilities  had  l)ccn  largely  improvcnl.  and  when 
the  smelting  in<lustry  had  lieconie  coiu-ent rated  in  a  comparatively  few- 
centers,  drawing  «»re  supplies  from  numcnms  di.stricts,  the  aver:vge  |»«^r- 
centage  of  lead  in  the  ore  smelted  fell  to  a  low  figure,  and  although  in 
the  '«•   the   production  of  lead   incn':Lsed   innn<Mjs<'ly.  the   pn»cess 

of  n  ;  l)ecame  essentially  one  «»f  g«»ld  and  silver  smelting,  the  lead 

in  the  ore  functioning  as  collector  of  the  precious  metals  ami  l)eing  viewetl 
metallurgic.illy  fnun  that  stand|M)ii)t. 

It  is  ib«ef«il.  then-fore,  to  con>ider  the  art  of  lead  smeltini!  in  its  nn  M-nt 
«levelopment  as  lieing  divided  under  throe  heacU,  vix.: 

(I)   Reduction  of  non-argent ifero'!  i.  in  which  all  the  nuthtMU 

of  smelting  are  applical)le.  if  the  ore  i  lontly  ri«'h  in  lead. 

'  At  the  inception  of  \oat\  •imclttnK  in  Colnnwin.  Utah.  nn<l  Ncvmin.  nn:noroiift 
nttnnptM  wi-rr  ii«iil«'  to  i-mplny  iH-.-irthn  ntxl  n-vrrln'ratiiriit*.  mtu\o  of  (lii>Hi>,  oM|w«ri.iIly 
in  l'tn)>.  Immii^  mili<T  niiil>iliou«t.  Th<*M*  ntt<>nt|)t«  wrrv  m>  ill-julviw^l.  their  rain|>ai|;n!i 
won*  Ml  «hort  nn^l  tlirir  rr*<iultii  m)  pnlin*ly  fniliin**,  thnt  it  in  not  worth  while  to  mvirw 
thrm  horn.     TIk*  only  wrioiiM  ntli-n-  -     '■     ^-     •  '  -    :    '    i  |  nrr  in  mvorltrmtorj" 

furiuir**^  in  tho  Tnil***!  .*»t«to>t.  wl  if  cmly  n  ^^J^l^rt-hv^^l 

on«\  1  ,..      .,  _^^^ 

'tAnwlrr  not 
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(2)  Reduction  of  special  classes  of  ar<z;entiforous  ore,  the  product 
of  one  mine  or  a  few  mines,  in  which  the  blast  furnace  only  is  advisable. 
This  head  covers  the  conditions  that  formerly  existed  at  Eureka,  Cerro 
Gordo,  Horn  Silver,  and  elsewhere,  which  still  exist  in  isolated  instances. 
The  character  of  the  charge  anil  the  bullion  are  chiefly  dependent  upon 
the  composition  of  the  ore,  while  the  slag  is  governed  by  the  composi- 
tion of  the  ore  and  the  availability  of  the  necessarj^  fluxes  and  may  vary 
within  rather  wide  limits. 

(3)  Reduction  of  general  mixtures  of  argentiferous  ores,  the  product 
of  many  mines.  The  most  important  part  of  the  present  lead-smelting 
industr}'  falls  under  this  head.  The  ores  are  mixed  to  make  a  slag  of 
definite  composition  and  a  bullion  of  nearly  uniform  grade,  which  vary 
only  within  narrow  limits.  The  percentage  of  lead  in  the  composite  ore, 
i.e.,  the  furnace  charge,  is  comparatively  low,  and  is  designed  to  be  only 
what  is  necessar}'  to  collect  the  gold  and  silver  most  efficiently.  To 
improve  the  collection  of  gold  and  silver  a  proportion  of  copper  is  generall}^ 
added  to  the  charge,  which  results  in  the  production  of  a  cupriferous 
matte  as  a  between  product. 

The  third  system  is  essentially  gold  and  silver  smelting  on  a  lead 
basis,  and  is  commercially  analogous  precisely  to  smelting  on  a  copper 
basis.  These  two  kinds  of  smelting  are  indeed  competitive,  the  same 
ores  being  to  a  large  extent  amenable  to  treatment  in  either  way.  How- 
ever, the  copper  smelter  is  not  desirous  of  receiving  lead-bearing  ores, 
while  the  lead  smelter  needs  a  certain  proportion  of  copper-bearing  ore. 
In  the  treatment  of  mixtures  properly-  compounded,  smelting  on  a  copper 
basis  is  more  profitaljle  than  on  a  lead  basis,  and  the  tendency  of  metal- 
lurgical practice  during  the  last  ten  years  has  been  toward  its  adoption 
wherever  feasible.  The  two  kinds  of  smelting  are  now  to  be  witnessed 
in  operation  at  the  same  places,  and  even  side  by  side  in  the  same  works 
{vide  Salt  Lake  City,  Utah;  Aguas  Calientes,  Mexico,  and  elsewhere). 

In  smelting  any  kind  of  lead  ore  in  any  way,  the  sulphur  must  be 
burned  off  and  the  impurities  must  be  com])ined  in  a  slag,  fusible  at  ap- 
proximately 1100°  to  1200°  C,  and  of  specific  gravity  not  to  exceed  3.6, 
or  but  little  more.  The  slag  must  be  of  a  composition  which  will  form 
at  the  right  point  in  the  smelting  proce.ss,  will  be  thoroughly  liquid,  in 
order  to  iasure  a  satisfactory  separation  from  the  matte,  and  will  require 
the  minimum  consumption  of  fuel,  the  chief  part  of  which  in  blast-furnace 
smelting  is  always  coasumed  in  effecting  the  formation  of  the  slag.  A 
good  slag  will  cause  the  charge  of  ore  and  flux  to  descend  evenly  and 
regularly  in  the  furnace,  avoiding  the  formation  of  accretions  in  the  hearth 
or  on  the  walls,  keeping  the  lead  in  the  crucible  red-hot  and  preventing 
any  creeping  up  of  the  fire  and  the  ensuing  danger  of  loss  of  lead  and 
silver  bv  volatilization. 
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The  sjilpliur  in  climinatoil  in  variouii  uayK,  which  may  Iw  cnumcratc«l 

OM    folloWH: 

(1)  Rttasting.  VvrU^nnvtl  itMially  in  haml-rukcd  rcvcH)craU»r>'  fur- 
naces with  a  nitiKlr,  lony  hrarth.  MnurckiHT  «\vlin«U'rs  an?  alH4»  otnployed, 
but  most  <»f  the  other  ftirni.s  of  nie<'haMi('al  furnarcM  are  iMclhcient,  iKM'aiwc 
(if  the  Htickine-sM  of  lead  ore  in  ron/<tinK,  wheri'fon?  the  attctnptM  t'>  apply 
them  have  Ikhmi  fieniTally  al»aii(l(MMMl.  Ix-ad  «»n*?<.  U'in^  u.sually  low  in 
Hulphur.  are  not  self-burtjinn  in  the  ordinary  ro:i.stinK  furnaec.  and  de- 
eonifxtsition  of  lead  sulphate  Iwing  elTected  only  by  reaction  with  ttilica, 
forming  h*a<l  .silicate,  the  iietcssary  temperature  mu.st  U*  chiefly  supplied 
by  the  combustion  of  carlM»na«e<»us  fuel.  In  j»oo«|  practice  the  con.sumj>- 
tion  of  coal  (Colorado  bituminous  and  other  western  f^rade^s)  in  alMiut 
'M)*  l  of  the  weight  of  the  ore  ro;usted.  The  roasting  of  lead  t>rc  niay  Ikj 
ilone  in  three  ways,  viz.: 

a.  Ordiiuiry  n>iu<ting.  in  which  the  ore  is  simply  dcsulphuri/.ed,  at  the 
same  time  lieing  more  or  h'ss  sintcre*!.  Often  the  ore  Ls  parti.illy  fu.sod, 
Ko  that  u|)on  withdrawal  fmm  the  furnace  it  <rust>  .>r  iii.i\  !.<•  rH.un.led 
into  cakes,  which  may  l>e  called  "sinter-roa.sting 

6.  Slag-n listing,  in  which  the  ore  is  <'omplet<ly  Iw.M-d. 

r.  *' Limc-n>asting."  or  "  l'ot-ro;ustinfr."  :i  rici-nt  iiiiiini\cmcnf  uli'uli 
will  l)e  discussed  more  fully  further  on. 

Slai;-n»:isting  Is  {x^rforme*!  in  modi(i<-atiou.s  of  lla-  oniinary  nvcrU-r- 
atory  furnace,  designed  .»*«)  a.s  to  |>ermit  tlir  niaitiiiiniiic  of  .i  suitably 
high  temperature  at  the  di.scharge  end. 

It  is  objective  in  ni:Lsting  to  reduce  tlic  .suljiliur  a.s  low  ;i.n  |M>s.sible. 
without  entailing  undue  lo.s.scs  in  other  directioiu*,  since  it  Ls  reckoncti 
roughly  that  each  unit  of  sulphur  remaining  in  the  ore  incre:us(>M  the  eoHt 
ui  smelting  2')  c.  |ht  toji.  The  sulphur  is  more  completely  eliminate<l 
by  sinter-n»jLsting  than  by  ordinary  roasting,  and  more  com|»letely  by 
slag-niiufting  than  by  sinter-n>asting.  Init  at  the  same  time  the  l«>ss  of 
lead  by  volatilization  is  heavily  iiH-n'ax'd  and  in  slag-roa.sting  is  so  high 
that  the  pn»ce.ss  hxs  l)een  abandoned  in  the  Inited  States,  save  in  one  or 
two  instances,  while  sinter-roasting  has  had  no  wide  practice,  and  onli- 
nary  roa.sting.  by  which  the  stilphur  is  rediiced  to  alM»ut  I',',  had  l)e<'on>e 
the  generally  adopted  metluMi  until  recently  disi.l:i.c.l  bv  the  "limc- 
n)nsting,"  or  "  iwt-niasting"  pn>cesscs. 

(2)  HtMixt-rmrlinn.  ]x"m\  sulphide  burned  partially  to  sulphate  reacts 
with  unde<'< imposed  sulphide,  setting  fnH?  metallic  lead  and  sulphur 
dioxiilc.  Thus  pn>ee«s  Ls  elTectetl  in  the  reverlieratory  smelting  furnare 
(Flintshire.  Tarnowitz.  etc.)  wherein  the  charge  is  fir>»t  |»artially  n>asto<l 
and  the  reaction  is  then  efTecte«l  under  in<rea>e  of  temperature.  Also 
in  the  Srotrh  hearth,  wherein  the  n>:usting  and  reacting  go  on  contem- 
poraneously.    In    the    modern    blast    furnace,    which    luis    lines  an<l    is 
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operated   uiulcr  coiulitioiis   promoting  oxitlation,   roasting   antl   reacting 
play  an  important  part. 

(3)  Prccipilalion.  In  which  the  ore  is  cliarged  raw  into  the  l)hist 
furnace  and  the  lead  sulphitle  is  decomposed  b}-  iron,  in-ecij)itating  metallic 
lead,  while  the  sulphur  combines  with  the  iron,  forming  a  matte,  from 
which  the  siili)hur  is  subsequently  eliminated  by  roasting.  The  ciuantity 
of  matte  to  be  roasted  is  apt  to  be  as  much  as  the  quantity  of  ore  smelted, 
but  the  loss  of  lead  is  less  than  if  the  ore  were  roasted  originally.  There 
are  other  drawbacks,  however,  and  thi.s  method  which  has  never  had 
any  wide  application  in  the  United  States  is  now  employed  in  onl}^  one 
or  two  instances,  if  at  all.  The  reaction  takes  place  to  some  extent  in 
any  blast  furnace,  however,  and  it  together  with  the  reaction  between 
the  sulphide  and  sulphate  described  untler  the  previous  caption  is  largely 
relied  on  in  modern  practice,  wherein  galenas  of  high  grade  in  lead  are 
commonly  charged  raw  into  the  blast  furnace  to  save  the  comjxiratively 
high  loss  of  lead  which  is  inevitably  suffered  even  in  ordinary  roasting. 
Precipitation  smelting  may  also  be  done  in  the  reverberatory  furnace, 
but  that  method  is  quite  inefficient  and  has  seldom  been  practised  either 
in  America  or  Europe. 

(4)  Lime-roasting.^  Wherein  galena  mixed  with  lime  or  gypsum  is 
subjected  to  the  action  of  air  under  conditions  which  produce  a  strongly 
oxidizing  effect,  so  that  once  started  it  will  decompose  an  entire  charge 
of  ore,  the  reaction  being  exothermic  and  requiring  no  extraneous  fuel 
besides  the  relatively  small  quantity  needed  to  start  it.  The  ore  is  charged 
into  a  large  cast-iron  pot,  having  a  perforated  grate  at  the  bottom  on 
which  a  small  coke  or  wood  fire  is  made.  Air  at  low  pressure  blown  into 
the  pot  at  the  bottom  and  through  the  charge  of  ore  effects  the  reaction. 
The  desulphurization  is  more  complete  than  in  ordinary  roasting,  and 
the  reaction  being  effected  at  a  comparatively  low  temperature,  or  rather 
with  a  localization  of  high  temperature,  the  loss  of  lead  and  silver  is  very 
much  reduced,  while  the  cost  of  the  process  ought  not  to  be  higher  than 
ordinary  roasting  and  may  be  very  much  lower. 

Desulphurization  by  lime-roasting  is  exemplified  in  the  Huntington- 
Heberlein  process,  in  which  the  ore,  mixed  with  limestone,  is  j^artially 
roasted  in  a  reverberatory  furnace  before  being  treated  in  the  converter; 
in  the  Carmichael-Bradford  process,  in  which  the  ore  is  mixed  with 
gypsum  and  converted  directly;  and  in  the  Savelsberg  process,  in  which 

*  This  term  may  not  survive,  inasmuch  as  it  is  believed  by  many  metallurgists 
that  the  limestone  plays  no  part  in  the  process  except  to  act  as  a  dihient  of  the  sul- 
phides, which  under  proper  conditions  can  be  burned  just  as  effectively  by  a  blast  of 
air  alone.  This  has  indeed  been  demonstrated  by  the  process  invented  by  Mr.  Arthur 
S.  Dwight  and  Mr.  R.  L.  Lloyd,  which  is  now  (1908)  being  introduced  (see  Engineer- 
ing and  Mining  Journal,  March  28,  1908).  If  this  be  so,  the  term  "  blast  roasting" 
will  supersede  "  lime-roasting  ";  and  also  "  pot-roasting." 


the  «»n»  is  mi\f«l  with  liiiirstoii(>  aii«l  ronviTteM  (linH-ily.     Tly  S 

pnM'fSs   Ls   in  mm*  at  SIoIIhtk.  Uhriiilaiui,  aii*l  al  KaiittlMH'k,  \\«    ■, 

tho  ('arinirl»ai'I-Mra«lforil  ppM-rxs  at  Hmkcii  llill,  NfW  Suith  Walw;  umi 
tlu'  IIiiutiiJKtoM-HflH'rU'in  pmcf-Ks  at  \v(»rkr«  in  Italy.  (Jrrmany,  Spain, 
(Jn-at  Hritaiti,  Au.stralia.  Tzisniaiiia.  Mfxirn,  an«l  Hriti^h  (olnmbia.  The 
IliintinKton-Hi'U'rU'in  pn>rc\sM  was  a(li>ptf><|  after  extensive  ex|ieriiiM*nlH 
l»y  the  Ani«'ri«an  Smelting  and  UeiiniM:  '  I  in   I1K).*>  the  in^talhition 

in  all  of  its  plants  was  lH*;;iin. 

The  tiesulphuri/ation  of  );alena  l»y  linK-n»:L»*tinL  [lor- 

t:uit  of  recent  advances  in  the  inrtalliirKy  of  lead,  ^tnt('  tlu*  t  limuiation 
of  sulphnr  in  other  ways,  hut  es|n'<ially  l»y  ordinary  roa.slinj;,  has  U-en 
one  of  the  n)ost  costly  stcixt,  Inith  in  direet  cost  and  Iocm  of  inctul.  in  the 
entire  snM'ltinjr  pn>cess. 

Althoujih  the  Iluntinjiton-IleU'rlcin  pPfn      .    ..^    , 

nuuxtin^  pn>cesses.  hjis  n«tw  l>een  in  practical  ust?  f<»r  upward  <if  ton  yeafM, 
it  w:us  oriKinally  introduced  under  such  conditions  of  st'crecy  that  then* 
w:is  little  or  no  scientific  investigation  of  its  prin<-iples,  ami  not  until  l'.M).'> 
did  there  l>e^in  to  lie  any  cortsi»|eral>le  literatun?  concerninK  it.  The 
literature  tip  to  the  niiddic  of  I«.HK)  was  suniniariwd  in  a  w«»rk  entitled 
'*  liead  SuK'ltin;;  and  Helinin^."  eilited  l>y  ine  and  pulilishe<l  by  the  A'fi- 
tjinciring  and  Mining  Jourtwl.  At  that  tinjc  there  w:i«  a  divergency  of 
view.s  jLs  to  the  tln'orj*  of  these  proces,>«»s.  some  nietalhiruists  holding  that 
linie  or  f:y|isuin  played  sonic  chemical  part  in  the  n'actions.  and  others 
holding  that  the  desulphuri/.ation  w:u»*  solely  atmospheric,  the  lime  (which 
mipht  Ih?  rephuH'd  by  some  «)ther  substance,  such  jis  ferri«*  oxide)  playing 
men-ly  the  part  of  «lihient  of  tlie  particles  of  galena.  The  fact  that  the 
process  wjLs  lieinf;  actually  i>erfornjed  in  I'.KMi  without  the  pn's*'nce  of 
lime  in  the  charge  w:is  a  strong  supi>«irt  of  the  latter  tluniry.  and  an  arpu- 
nient  that  "  pot-n):i.stinK"  mii;hl  Ik*  a  Ix'tter  name  for  tin's**  prtK"c-sse.s 
than  '*  lime-n»!istinj;."  Init  on  the  other  hand  the  evidence  that  lime  or 
Kyi»sum,  when  preM'Ht.  <lo  acttially  act  in  a  chemical  way  is  also  stn»np. 
It  Lh  ne<'dle.vs  to  enter  further  into  thw  discussion  in  this  wcirk.  it  lieing 
suflieient  to  state  that  the  new  pnK*esses.  whatever  their  natuiw  are 
nM-ocniwd  :ls  one  of  the  njost  im|N>rtant.  j*'rha|<s  the  most  im|Mirtant. 
of  the  recent  improvements  in  the  metallurjiy  of  lead.' 

After  elimination  of  nulphur  by  ordinary  n>:istinK  or  by  lime-  or  p«it- 
n»:istinj!.  the  oro  Is   rea«ly  f«»r  stneltiiiK  i'>  tlie  bhft   furnace.      N 

oxidized  ores  jfo  of  eourw  to   the  bhust  ftirn  •  <•  "ii'i-.m     .nv    i.n 

tre^itment,  »avc  brenkinf!  ti>  the  pn>|X'r  siz* 

The  function  <»f  the  blx^t  furnace  is  to  nMluct*  ihr  metal  j»n<i 
unpurities  .ho  that  a  separation  can  U»  ma<le.     ThU  .sepanition  i 

■  W    II    ImMiiU.  "  Liiiic  ItuoAtiii^;  of  Cinlrna,"  TnuM.  Am.  Iiwt.  o(  Min.  Kng  ,  vul. 
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by  the  difference  in  sjx^cific  gravity  of  the  various  products.  The  specific 
gravit)'  of  liquid  (molten)  lead  is  about  10.5;  that  of  matte  ordinarily 
ranges  from  4.5  to  5.  In  order  to  insure  a  satisfactory  separation  of  matte 
and  slag,  therefore,  the  specific  gravity  of  the  latter  should  be  at  least 
one  degree  lower  than  the  lightest  matte.  Both  the  matte  and  the  slag 
must  be  thoroughly  liquid  at  the  temperature  of  issue  from  the  furnace. 
Consequently,  the  matte  must  be  free  from  components  which  make  it 
mushy,  like  zinc,  and  the  slag  must  be  of  a  composition  which  is  easily 
fusible  at  1100  to  1200°  C.  The  cleanness  of  the  slag,  i.e.,  its  freedom 
from  gold,  silver,  lead,  and  copper,  is  dependent  chiefly  on  these  physical 
conditions.  The  lead  content  of  a  good  slag  should  not  exceed  1%;  the 
silver  content  should  not  exceed  0.8  oz.;  the  gold  content  should  not  be 
more  than  a  trace.  In  order  to  achieve  such  a  result  the  specific  gravity 
of  the  slag  should  not  be  more  than  3.6,  and  it  should  be  of  ajDproved 
chemical  composition. 

In  making  a  f?lag,  the  metallurgist  is  practically  limited  by  the  ele- 
ments which  commonly  occur  in  ores,  and  to  cheaj^  fluxes  like  limestone. 
The  commercial  slag  is  a  silicate  of  two  or  more  bases.  The  fundamental 
constituents  are  silica,  iron,  and  lime.  The  iron  may  be  replaced  to 
some  extent  by  manganese,  and  the  lime  to  some  extent  by  magnesia, 
zinc,  and  baryta.  These  elements  ordinarily  constitute  90%  of  the  slag. 
The  remainder  is  chiefly  alumina,  barium  sulphate,  soda,  and  potash, 
etc.  In  preparing  the  furnace  charge,  a  mixture  of  ores  and  fluxes  is 
made  in  such  proportions  as  to  produce  a  slag  of  the  desired  composition. 
In  lead  smelting  the  permissible  range  in  silica  content  is  rather  narrow, 
varying  from  28  to  36%,  and  ordinarily  also  the  percentages  of  ferrous 
oxide  and  lime  range  only  within  narrow  limits,  tlie  percentages  stated 
nominally  as  ferrous  oxide  and  lime  including  their  equivalents  respect- 
ively of  manganese  oxide  and  magnesia  or  zinc  oxide. 

Types  of  slags  which  have  been  commercially  employed  in  American 
smelting  practice  are  shown  in  the  following  table: 


Mark 

Si02 

FeO 

CaO   ! 

Mark 

SiOa 

FcO 

CaO 

A 

35 

28 

28  ; 

G 

28 

50 

12 

B 

34 

34 

24 

H 

33 

33 

24 

C 

34 

34 

a  17 

I 

33 

36 

16 

D 

30 

40 

20 

J 

30 

36 

20 

E 

30 

48 

12 

K 

36 

40 

20 

F 

28 

54 

6 

L 

32 

33 

23 

a  Besides  7%  ZnO. 
lies  recommends  a  slag  of  approximately  the  composition  32%  silica, 


MKTALMUr.Y 


4r, 


'A^'i  fcrrmw  oxitlc.  und  20' ,'  limr,  which  wan  tho  ly|w'  cTiiployctl  \>y  him 
lit  a  I'Mii;  PXjH'ricMjco  iit  thi*  (IIoIk*  works  at   I>«miv<t,  Colo. 

lV>i<l«*s  thi>  silica,  iron,  ami  lim«'  coii.xtit»icnt.s.  it  is  nf<"Pss«ry  U»  cilworvo 
that  other  rleineiit^  kcc|)  within  cprtain  liiiiilH.  ThiiM,  the  pcrrontimi* 
"f  zinc  o\i«io  shouhl  not  o\c(t<1  7;  that  of  ahiinina  shoiiM  not  r\c«.«-«l  <». 
The  avcra^r  c(Mn|)«»sition  «»f  the  shijjs  nia<lc»  in  the  American  phmtw  of  thr 
American  Smelting  and  KclininK  Co.  in  Octiilwr,  I'.NM,  is  shown  in  thu 
foUowing  tahio,  which  is  iUustrativc  of  pn\sent  practice  in  thij*  rcMpcct: 


runi 

Ac 
II  16 

Pt>. 

ao. 

FeO 
26.2 

MnO 

Za 

14.5 

\ij  >, 

l.l.,l. 

0.38 

31.3 

8.0 

fi.l 

ii  <» 

1    .!    I       ■ 

O.SU 

0.43 

.30.2 

27.5 

67 

5.9 

14.8 

64 

r-.i-M. 

O.IM) 

0.80 

.30.0 

Jli.O 

0.0 

4.0 

14.2 

1.2 

2  1 

6.2 

\'.i\m 

0.88 

0.88 

31.4 

2.5.6 

10.7 

5.7 

14.2 

1.2 

0.9 

67 

HiilnciolphKi 

o.m 

0.80 

.30.8 

31.1 

5.3 

5.6 

12.3 

1  :\ 

12 

6.9 

iMininpi 

O.ftS 

1.11 

.30.7 

32.5 

6.8 

10  1 

1.3 

VrkariivLH  Vull  y . 

O.SO 

0.90 

31. r* 

31.6 

6.3 

5.3 

14.8 

2.6 

1.2 

4.5 

1  i<-niiaiti;k     

O.M 

0..S.I 

.37.0 

27.0 

2.7 

5.1 

20.8 

IvLHt  lli-lfiia.  . .  . 

0.7<) 

OlHi 

:«.7 

28.1 

2.0 

0.0 

20.4 

1.4 

3.0 

Silver  City  .      .  . 

0.20 

CK) 

.3(5. 1 

:v):2 

OS 

4.3 

1.5.1 

1.0 

8.1 

The  clliciencv  of  the  Icad-smcltin^  pnni^s  <icix'n<ls  chielly  u|»on  (I) 
the  method  of  sulphur  elimination,  affecting  the  cost  of  the  operation, 
the  lo.ss  of  gold,  silver,  and  lead,  and  the  physical  con«liti«>n  of  the  pnuhict 
Iclivered  to  the  hiast  furnace;  (2)  the  design  and  constniction  of  the  hhist 
iiirnace  and  it.s  acce.s.-airies,  the  method  of  o|)eration.  the  physical  con- 
dition of  the  material  charged,  the  corre<'t  c(Mnp<»sition  of  the  slag,  the 
character  of  the  liullion  produced  and  the  means  to  collect  dust  and 
funie;  (.'i)  the  ujeaius  for  hatidling  pn>du<t.s  thntughout  the  proce.ss. 

The  iH'tter  the  J'haracter  of  the  shig.  the  fa-ster  will  l»e  the  ninning 
«if  the  furnace,  i.e.,  the  greater  the  (piantity  of  charge  smelted  |X'r  scpiare 
f<M)t  of  hearth  area,'  and  the  lower  the  lo.ss  of  lead  and  silver  in  the  shig 
and  in  the  fimie.  The  lower  the  pn)|)ortion  of  very  fine  ore  in  the  t'harge, 
the  fjister  will  lie  the  running  of  the  furnace  and  the  sm;iller  the  jiercen- 
tjige  of  flue  dust  to  l>c  collected  and  n>handle«l.  The  lietter  the  chanicter 
of  the  bullion,  the  le«s  irregularity  in  the  management  of  the  furnace 
and  the  les.H  the  cost  of  refining.  A  detailed  consideration  of  all  of  \hfso 
governing  an<l  l;irgely  intenlependent  factors  i.s  im|M>st*il)le  in  a  brief  state- 
ment of  the  |>rinciples  <»f  the  art  tin  devel«»|ied  in  modern  practice,  hut 
such  will  lie  foun<l  in  the  standard  trrati.s*'s  (tn  the  sul)j<»ct.  It  Ik  aimed 
hem  to  empha.*«i74>  the  predominant  effect  «»f  the  shig  character,  i.r.,  the 
make-up  of  the  furnace  charge,  in  determining  the  cost  an<l  efficiency 

'  The  hearth  arm  in  thr  horixontal  •rction  of  thr  fumacron  the  line  of  the  tuyrrm 
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of  the  smelting  process.  It  may  almost  be  saitl  that  the  successful  de- 
velopment of  the  silver-lead  smelting  imlustry  hinged  upon  this  matter. 
As  the  histories  of  the  various  lead-smelting  districts  are  examined,  it 
will  apj^ear  strikingly  how  the  process  was  quickly  made  successful  in 
those  which  had  the  advantage  of  a  self-fluxing  character  of  ore,  like 
Eureka,  Xev.,  and  how  it  was  struggletl  with  in  many  other  districts 
which  had  only  one  kind  of  ore,  incapable  of  making  an  economical  slag; 
and  how,  as  lead  smelting  became  a  well  understood  art,  it  came  to  be 
recognized  that  an  assured  and  adequate  sup])ly  of  the  right  classes  of 
ore  was  the  fundamental  prerequisite  for  the  inauguration  of  a  successful 
business. 

Given  supplies  of  silica,  iron,  and  lime,  there  is  no  difficulty  in  pro- 
ducing a  slag  of  any  desired  composition,  but  the  smelting  might  be  so 
costly  as  to  be  unprofitable.  The  cost  of  smelting  is  properly  based  on 
the  charge,  i.e.,  all  of  the  material  except  fuel  which  is  put  through  the 
furnace.  It  is  the  aim  of  the  metallurgist  to  have  the  ore  in  the  charge 
at  the  maximum  possible  percentage,  i.e.,  it  is  sought  to  obtain  all  of  the 
ncessary  fluxing  elements  in  a  proper  proportion  in  the  ores  purchased 
for  smelting,  since  the  time,  fuel,  and  labor  required  to  smelt  a  pound 
of  flux  are  the  same  as  for  a  pound  of  ore,  and  for  each  pound  of  flux 
put  into  the  charge  there  is  one  pound  less  of  ore.  It  is  consequently 
of  the  utmost  importance  to  the  smelter  to  be  able  to  secure  ores  that 
upon  mixture  will  contain  the  proper  proportion  of  slag-forming  sub- 
stances and  will  obviate  the  necessity  of  making  up  the  proper  propor- 
tion by  the  addition  of  barren  fluxes.  It  is  seldom  possible  to  attain 
the  acme  of  that  condition,  a  small  proportion  of  lime-rock  having  usually 
to  be  added  to  the  charge,  while  there  is  always  a  certain  quantity  of 
f(Hil  slag,  flue  dust,  roasted  matte,  and  other  between-products  that  must 
be  added  to  the  charge;  but  in  the  modern  American  practice  of  silver- 
lead  smelting  the  ore  in  the  charge  amounts  usually  to  80%  or  more.^ 

The  price  which  a  smelter  will  give  for  any  particular  ore  is  conse- 
quently determined  by  his  fluxing  requirements  and  the  supply  of  various 
kinds  of  ore  on  hand  or  offered.  The  smelter  refers  to  the  difference 
between  the  cost  of  a  ton  of  ore  and  the  proceeds  which  he  obtains  from 
it  as  the  "  margin,"  out  of  which  he  has  to  pay  the  cost  of  smelting,  the 
remainder  of  the  margin  being  his  profit.  The  margin  varies  greatly 
according  to  the  class  of  ore  treated  and  the  profit  is  dependent  upon 
the  average;  consequently  it  is  sought  to  smelt  as  much  "high  margin" 
ore  as  possible. 

•  This  means  80%  or  more  of  the  charge,  exclusive  of  the  slag  which  is  used  in 
larger  or  smaller  quantity,  often  rather  laige.  to  facilitate  the  running  of  the  furnace. 
Great  efforts  are  made  to  ehminate  this  '"  side-charge  "  but  it  docs  not  appear  pos- 
sible to  do  so. 


M^r^Al.lA•U(;Y 

As  i\  hiinpU*  illustration,  mi|i|w»s4'  there  wtTo  aviiilahlc  two  kiruLi  of 
on*.  vi/..,al<'a"l  farlHiiuitr  on*,  «*<•(• 

4%  lime,  aiul  27',  silira;  ami  ;ii  '•  ' 

ferrous  oxi<Ie,  V'[   liiiio,  niul  ami  lin  ontainiiig   I'i 

fernms  n\i«le,  rM).'!* ,'    lime.  an>l   ^ 
mix  iIk>c  ores  so  that  tin*  slaK  w 

:M'',',  fernius  oxi<le,  ami  17'  <'  lime,  it  wouM  I  <  iry  to  odd  to  each 

toil  of  the  lead  on',  (l'2'i  ton  of  inm  on»  aiul  U.j.j  ii.n  <if  lime-nwk.  The 
mixture  wouM  r«»utaiu  I.')','  lead.  In  the  daily  <  !,.iru'f  ..f  u  fnrnare. 
sav  I'lO  toils,  there  wouM  Ik'  KKJ  t<»iuH  of  load  op  :  iron  on*, 

and  2'»  tons  of  limc'-nn-k.     ,\N>uine  the  r<»st  «»f  si  ix*  $.'1.7 " 

t«>ii  of  <'harKe.  the  rost  |H*r  ton  of  ore  \V(»uKI  Ik*  >  ■.   -^  5  -   ^ 

III  onler  to  realize  a  pntfit  of  $1  jwr  t4»ii,  tissumiiiR  that  the  full  value  is 
paid  for  ptld.  silver,  and  lead,  the  .sinelt4'r  nni>t  have  a  margin  of  $.'».. "i() 
|K'r  ton.  Hut  suppose  the  in»n  ore  is  so  low  in  silver  that  it  will  not  stand 
a  treatment  eharge  of  morc  than  $2  per  ton,  the  smelter,  obliged  t<»  have 
it  :is  a  (lux.  must  make  up  the  ilelicjt  l»y  an  increased  ehanse  on  Oi- 
on'.  whirh  then  would  have  to  \h:  $<).;{7J. 

This  illiLstration  shows  al»<»  what  advantage  it  would  l)c  to  the  smeller 
if  he  wen»  ahle  to  stihstitute  for  the  lime-nxk  an  on*  ((f  similar  <  ■ 
in  lime,  on  whirh  he  rouhl  make  a  tn^atment  charge.      It  shows  ai 
advant:igo  of  making  a  slag  jus  silieiuiis  as  possible,  which  enables  the 
maximum  pen-entage  of  the  usually  pn)fitablc  siliciot;  I»e  carrie<l 

in  the  charge. 

The  foregoing  analysis  of  the  commercial  princij»les  of  lead  smelting 
n'lates  es|)e<i:illy  to  the  c«»mlitions  inv«»lved  in  the  o|>eration  of  a  custom 
smeltery,  su|»|»lie«l  by  ore  fn»m  numenujs  mines,  in  which  the  percentage 
of  lead  in  the  aggregate  is  comparatively  small,  the  business  U-ing  eon- 
ducted  not  with  the  particular  view  of  pHxIi  I.  but  rather  with 
that  of  smelting  a  large  tonnage  of  «>re.  N*  •*  the  same  funda- 
mental principlcM  govern  the  smelter  <if  the  pn»<luct  of  a  single  miiu', 
or  gnmp  «»f  miiM's,  although  he  may  U*  mon'  coi  'in  the  matter 
of  ore  tnixtun*s,  aiut  al.no  the  smelter  of  high-gi  tv.xs,  who  may 
extract  dire<'tly  a  large  pn»i>ortion  of  the  lead  in  Scotch  hearth  or  I'lint- 
shirc  furnaces,  but  is  still  «»bliged  to  effect  the  final  .separation  of  the 
irangiie  by  smelting  the  gr.iy  slag  in  a  blast  furnace. 

The  supreme  economic  im|)ortanco  of  the  charge-coin ixwit ion  is  fur- 
ther illustr.itcd  t  of  the  i-  ks 
of  the  Kun'ka  (  :;;  Co..  a'  n- 
namuck  works  of  Bristol  «.V  Daggett  in  Hinghnni  CaAon.  I'tah.  in  1S72. 
which  at  that  time  were  tin-  i vanned  of  :»'  "  Tnitetl 
States,  Ijoth  in  |>oints  of  c<  :  ii  and  met:»  Tin* 
cost  of  smelting  at  Kun-ka  was  $1S.33  jicr  ton  of  ore,  not  including  general 
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exjxsnsc.  The  ore  being  self-fluxing,  nothing  had  to  be  put  into  the 
furnace  charge  save  ore  and  foul  slag;  the  furnace  charge  per  24  hours 
consisted  of  50  tons  of  ore,  plus  2.5  to  5  tons  of  slag.  The  consumption 
of  fuel  (charcoal)  was  22.8  bushels  per  ton  of  charge,  or  24  bushels  per 
t(m  of  ore.  At  Bingham,  the  average  charge  for  the  year  comprised 
100  parts  of  ore,  35.19  parts  of  iron  flux,  3S.99  parts  of  limestone,  and 
10.16  parts  of  slag.  The  ore  in  the  charge  was  therefore  only  52.5% 
against  95%  at  Eureka.  The  consumption  of  fuel  at  Bingham  was  79 
bushels  per  ton  of  ore,  but  only  40  bushels  per  ton  of  charge,  a  figure 
nuich  higher  than  reported  for  Eureka,  but  really  not  so  much  higher 
as  ajipears  since  it  includes  the  loss  of  charcoal  by  waste,  which  the  Eureka 
figure  does  not.  The  iron  flux  cost  $8.80  per  ton  of  ore  smelted,  and  the 
lime  flux  $1.94!  If  the  cost  of  the  fluxes  were  deducted,  and  if  the 
charge  smelted  had  consisted  entirely  of  ore  and  slag,  the  cost  of  smelt- 
ing i^er  ton  would  have  been  only  $19.14,  a  result  quite  close  to  that  at 
Eureka. 

These  cases  will  make  quite  clear  the  points  that  the  cost  of  smelting 
at  various  works  is  properly  comparable  only  on  the  basis  of  charge  ton- 
nage, and  that  the  cost  per  ton  of  ore  became  comparable,  even  in  an 
approximate  way,  only  when  the  development  of  the  smelting  industry 
at  central  points  resulted  in  the  smelting  of  ore  mixtures  of  somewhat 
the  same  composition. 

The  history  of  silver-lead  smelting  in  the  United  States,  since  its 
inception  at  Argenta,  Eureka,  and  Cerro  Gordo,  has  been  a  record  of 
steady  improvement,  until  at  the  present  time  the  art  has  been  brought 
to  a  higher  degree  of  perfection  than  elsewhere  in  the  world.  The  first 
furnaces  were  very  small,  of  faulty  construction,  and  were  capable  of 
notiiing  but  brief  campaigns,  partly  because  of  errors  in  design  and  partly 
becau.se  good  fire-brick  was  unobtainable  except  at  great  cost.  Charcoal 
was  the  only  fuel  available.  There  were  but  few  skilled  metallurgists, 
and  even  their  knowledge  of  scientific  furnace  work  was  vague,  their 
practice  being  governed  chiefly  by  rule-of-thumb  methods.  Under  those 
conditions  it  is  not  surprising  that  the  cost  of  smelting  and  losses  in  slag 
and  fume  were  high.  At  Eureka,  in  the  early  days,  it  cost  $20  to  smelt 
a  ton  of  self-fluxing,  carbonate  ore,  and  losses  of  40%  of  the  lead  and 
30%  of  the  silver  contents  of  the  ore  were  reported.^ 

'  In  considering  tlic  statements  of  loss  of  metal  and  percentages  extracted,  es- 
pecially in  the  earlier  times,  there  will  be  manifest  many  discrepancies  and  many  reports 
that  are  difficult  to  reconcile.  These  are  due  to  inaccuracies  in  the  determinations. 
In  determining  the  percentage  of  metal  extracted,  the  only  reliable  method  is  a  com- 
parison between  the  original  content  of  the  ore  and  the  quantity  actually  extracted. 
This  implies  the  necessity  of  accurate  weights  and  samplings,  accurate  methods  of 
assaying,  and  accurate  cut-offs.  None  of  these  conditions  was  scientifically  complied 
with  until  comparatively  recently.     Even  now,  the  silver-lead  smelting  industry  em- 
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Stntrmnit.-^  ni  i  \jp«Tic'nro  Khowing  only  smnll  I<»hho*«,  ivmuIIh  that  would 
Ito  crrditaMo  cv<>n  in  rt'Cf-nt  practicr,  art'  In  U'  found  in  thn  litcnituro 

f  1S70  IHSO,  hut  all  of  tlu'so  nuwt  l»e  n'jcrtrd  iw  dotilitful  at  Ica^t,  and 
III  all  |)rol»al)ility  (|uite  inaccurate  in  virw  of  tlu»  modern  kno\v|c'<lne  its 
to  the  nia^nittidi'  <»f  <"ertain  \U'\us  of  htss  \vl»i«li  previou.sly  had  liecn  un- 

us|)cctcd,  and  the  fact  that  tlu>  lN>st  nietalltirf^ical  deterniinatioiiM  nhowed 
I  hat  the  losses  in  IS7()  ISSO  were  in«lee«l  very  hijjh.  The  Ixist  evidence 
on  this  sul>j»'ct  is  alTorded  by  a  pajxTof  Anton  Milers',  who  re|xirted  that 
test.s  at  the  only  works  in  I'tah  where  matte  and  flue  clust  were  Have<l, 
showed  an  extraction  of  only  7.'^  to  7")' ,'  of  the  lead,  while  at  one  works 
at  Kureka  there  wjis  an  extraction  of  S.'{'  ,'  lead,  S2..'i' ,'  silver,  and  iHiA'c 
g«»ld,  and  at  another  works  SI'  J,  lead  ami  M%  of  the  precir)us  metals. 

The  first  j;n\nt  improvement  in  the  art  w:us  the  intnxluction  of  the 
siphon-tap  by  All)ert  Arents,  intnxluced  at  luiri'ka  in  1S7(),  which  revo- 
lutioni/4'd  the  method  of  clischar^iuf;  the  bullion  fn>m  the  furnace.  This 
w:i.s  f()llowe«l  in  1S7()  by  the  investigations  of  .\nton  Milers  on  the  subject 
of  lead  slaj;s,  which  wjus  continued  by  Kaht,  llahn,  Schneider,  lies,  and 
other  metallurKLsts.  Smelters  then  lie^an  to  calculate  their  charges  with 
-omethiu)?  like  accuracy,  and  the  furnace  runninj;  was  va.'^tly  improved. 
Alxiut  the  same  time  came  the  general  intnuluction  of  water-jackets, 
which  had  l)een  invente<l  several  years  previously,  replacing;  fire-brick 
:it  the  smelting  zone  of  the  furnace  and  incre:usinK  it.s  life.'  The  con- 
struction, size,  and  form  of  the  furnace  had  also  \tccn  improved  in  other 
resfwets  during  this  time,  so  that  the  lenf^th  of  campaign  wius  extende<i 
an<l  the  cost  of  smelting  wjus  reduced.  Noteworthy  amonj;  the.se  impn)ve- 
iiH'Uts  was  the  adaptation  to  the  lead-smelting  funuice  of  the  Liirmaiui 
tai>-jacket  by  .\nton  Kilers;  previoiLsIy  the  furnaces  had  l>een  tapfM^l 
through  a  clay  breast,  which  w:is  always  troublesome,  wherefore  the  new 
m(>th(H|  was  warmly  wi'lcome<l.      These  impn»vejnents  had  all  l>een  tnade 

ployH  to  !i  largn  extent  the  firo-.assny  for  Icml,  wliirh  notoriodRly  jjivos  too  low  rpfiult«, 
fsfMTially  on  l«iw-|rr:uli*  on"<.  In  .Xfis-souri  and  tin*  non-nn;cn(if<>n>ii!i  dintrictii  only  i» 
the  arriimte  nieth<Ml  of  volutnetrir  estimation  of  |e;i<|  in  e\ehu«ive  iimi-. 

'  "  AvoiiUlile  Wojcleji  at  .\meriean  SniellinK  Workn."  MiiM>nil  R<i»nurr««  Wewt  of  the 
Rocky  Mountainn.  IS7:<.  up.  -IIK)  •l«».'». 

'The  luHtory  of  the  water-jaekel  hsu*  l>een  piven  by  Pnif.  II.  O.  Ilofnuin  in  The 

Mineral  hnlu.strj'.  XIV.  pp.  W.t    IK).     ,\  eiuit-intn  jacket  (i>f  whieh  a  dniwini;  ix  n-pnv 

lucHJ  in  the  work  rit«««l)  wa.»  |)n'i»areil  l>y  KINworth   DigcRctt   in   ls7_*  for  the  lilai<t 

•'  i<-e.<(of  the  Winnainiiek  MininK^'o.  Hinnliam '"fn'ion.  I  "tnh.  whieh,  »o  far  a.-*  ijt  known 

iv,  wft«  the  fir»>t  e.i>«t-iron  water-jarket  ever  uwil  in  a  lea<l-liliuit  furiwe**,  although 
wnniRht-iron  j.nekelH  ha<l  lie««n  u-ted  po'viounly  in  a  few  easteH,  Itiit  not  in  Neva<la  or 
I'tah  (we  llofnian,  MetAlliirjfy  of  I^'jul,  p  '2i'J).  Tlie  rnAt-iron  jnrketw  for  the 
Winmimuek  funmcva  were  nuule  at  Council  HIiifTii,  la.,  ami  were  put  in  ujip  Nov.  20. 
1H72.  Ijiter  on.  Anton  Kilen*  (le^i^e<l  the  ftrrtional  jacket  of  nu«t  iron,  whieh  hnn 
ever  j«inr»'  Iwvn  in  onnuiMui  wh*.  For  ninny  yearn  thi«  wiw  known  om  the  "  tjleni 
j;nk.  t  ■■ 
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before  smelting  assumed  im[)()rtant  proiXJilions  at  Lcadvillc,  Colo.,  where 
the  development  of  the  art  received  a  new  impetus.  The  cost  of  smelting 
in  ISSO  at  Leadville  averaged  $15.25  per  ton,  and  treatment  charges  $22 
per  ton.  The  average  grade  of  the  ore  smelted  was  69. 5  oz.  silver  and 
22.5%  lead,  about  90%  of  the  former  and  88%  of  the  latter  being  saved. 

With  the  ri.se  of  the  valley  smelters,  developments  in  the  silver-lead 
smelting  industry  became  rapid  and  imjiortant.  The  concentration  of 
work  into  a  few  large  plants  and  {]\c  liandliiig  of  larger  quantities  of  ore 
in  each  tended  to  reduce  general  expenses.  Lalx)r-saving  devices  were 
introduced  for  handling  ore,  slag,  matte,  and  bullion.  Furnace  man- 
agement was  lirought  to  a  high  degree  of  perfection,  and  the  furnaces 
themselves  were  inii)rove(l  vastly  in  construction  and  size.  The  progress 
in  the  art  is  well  illustrated  in  a  series  of  reviews  of  the  status  at  the  be- 
ginning of  each  decade. 

1871:^  Introduction  of  Piltz  and  Raschette  furnaces  at  Eureka,  the 
dimensions  of  the  latter  being  increased  to  30X54  inches  at  the  tuyeres, 
with  height  of  10  ft.  above  the  tuyeres.^  Ratio  of  hearth  area  to  throat 
area,  1 :  2^.  The  increase  in  size  greatly  enhanced  the  capacity  of  the 
furnace  and  the  improved  lines  reduced  metal  losses.  The  only  fuel 
used  was  charcoal,  costing  15  c.  to  34  c.  per  bushel  of  1.59  cu.  ft.,  accord- 
ing to  locality.  Nut-pine  coal  considered  the  best.  Sturtevant  fans 
chiefly  employed  for  blast,  but  Root's  jjlowers  coming  into  use.  Fur- 
naces built  of  common  brick  or  dressed  stone,  lined  with  sandstone, 
granite  (at  Argenta,  Mont.),  or  fire-])rick.  Furnaces  designed  with  open 
breasts  (sumj^  furnaces).  Standard  height  from  tuyeres  to  charge  doors, 
10  ft.  Iron  or  brick  smokestack  on  top  of  the  furnace.  Tuyeres  water- 
cooled;  situated  10  to  18  in.  above  level  of  slag  spout.  Galena  ores 
prepared  for  smelting  by  slag-roasting  in  Mexican  reverberatory  furnaces, 
called  galemadors  (a  corruption  of  galenadorcs),  practised  at  Cerro  Gordo, 
Cal.,  Big  Cottonwood,  Utah,  and  Corinne,  Mont.,  the  cost  being  al)()ut 
$4  per  ton. 

The  works  of  the  Eureka  Consolidated  Mining  Co.  comprised  five 
furnaces  of  aggregate  capacity  of  150  tons  of  ore  per  day,  blown  by  four 
Xo.  8  Sturtevant  fans,  run  at  2100  r.p.m.,  and  yielding  air  of  pressure 
of  1  in.  of  mercury.  The  motive  power  for  the  fans,  for  an  8X10  in. 
Blake  crusher,  and  a  0-in.  pump  was  furnished  by  a  40  h.p.  engine.^  Fur- 
naces Xos.  4  and  5  were  30X54  in.,  and  had  capacity  of  35  to  40  tons 

»  "The  Smelting  of  Argentiferous  Lead  Ores  in  Nevada,  Utah,  and  Montana,"  by 
R.  W.  Raymond,  A.  Eilers,  and  O.  H.  Hahn,  in  Mineral  Resources  West  of  the  Rocky 
Mountains  for  1871,  pp.  379-409. 

2  Previously  the  furnaces  used  in  silver-lead  smelting  were  rarely  larger  than  20X  30 
in.  and  frequently  they  were  drawn  together  at  the  top.  The  capacity  of  such  a  furnace 
was  about  six  to  eight  tons  per  24  hours. 

3  The  high  power  consumption  per  ton  of  ore  in  modern  plants  in  comparison  with 
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jM-r  (lay  (:ilx>ut  2.S  toit<<  i^r  Htjuatf  f«M»t).  The  fiirnaiTj*  lia<i  laiTjor  cn- 
parity  with  fine  nrt*  than  with  roanv.  With  the  f«»rinrr,  the  ratio  <>f 
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n.m|»osition  was  aln.ut  Jii  IJ' '  '^in  .'i2.S<)' ,  1.  ( )  1"  CuU,  o.S^o 
Al,(),.  uml  2.7U' ;  n.o. 
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'!';.;>.•   nf   SiiDltiti);    l-orimo'    u>«tl    at 
Kunk:!,  Nrv.,  in  1871. 


Kuffka  w:ts  tho  rraillp  of  the  art  (»f  silvrr-l<*a<l  smelting  in  the  far 
West;  to  AlU'rt  AnMits.  who  was  metalhiruist  then*,  is  «»we«l  the  invention 
of  the  siphon-tap.  the  eoiustrnction  of  the  first  large  an<l  snrct'^sfwl  fur- 
naro»(.  and  the  rrintnxlurtion  of  the  UkshcM  in  lea<l  furnaec;*;  hut  im|)or- 
tant  '  levelopments  wen*  i;  the  way  for  future  propn*ss 

in  fui:  i^n  an<l  merh.'inieal  ii>  in-ka  did  not  ofler  .'iny  inno- 

Ihiii  litw  fijfum  nt  Kiirpkn  in  1S7I  i<i  in«iirali%'o  inrtLilly  of  tho  intrtHliiclinn  of  nux-haniral 
applianrr*!!  for  hnrwilins  nmtoriAl,  l>ut  rliirfly  of  tlip  Krvatly  inrmurtl  lUant  prnMiro 
••fnploy^l  III  tlriviiut  th««  fisr-T-- 
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vation  in  the  smelting  process  itself,  the  same  routine  being  followed 
there  as  of  old,  the  docile,  self-fluxing  character  of  the  ore  giving  econom- 
ically satisfactory  results  without  any  necessary  modifications. 

At  Salt  Lake  and  vicinity,  where  the  problem  of  smelting  was  less 
sim]>le  than  at  Eiu-eka,  the  well-jiroved  features  of  European  practice 
were  tardy  of  introduction.  Dust  and  fume  were  wasted  into  the  at- 
mosphere in  the  absence  of  settling  flues,  and  matte  was  carelessly  thrown 
over  the  dump.  It  was  not  until  1S74  that  general  attention  began  to 
be  paid  to  those  losses.  In  that  year  the  Richmond  Consolidated  Mining 
Co.,  at  Eureka,  erected  a  dust  chamber,  and  in  the  same  year  Warten- 
weiler  began  roasting  and  resmelting  matte  at  the  Winnamuck  works, 
in  Utah.  The  latter  innovation  was  of  importance  not  only  in  reducing 
lo-ss  of  lead,  silver,  and  gold,  but  also  in  restoring  iron,  lessening  the  quan- 
tity that  had  to  be  added  to  the  furnace  charge  as  barren  and  costly 
flux.  Thus,  at  the  Winnamuck  works,  the  quantity  of  iron  flux  was  cut 
down  from  20%  to  3.5%  of  the  charge. 

1881:  Furnaces  chiefly  developments  of  the  Raschette  type,^  which 
contrary  to  the  Piltz  form  was  capable  of  great  increase  in  hearth  area. 
Furnaces  36X94  in.  at  the  tuyeres  were  in  successful  use,  although  the 
average  size  was  36X60  to  36x78  in.  Water-jackets  in  common  use. 
All  of  the  better  designed  plants  were  provided  with  dust  chambers, 
with  which  the  furnaces  were  connected  by  a  sheet-iron  down-take  at 
convenient  height  above  the  charge-floor.  At  the  Grant  works,  Denver, 
Colo.,  the  gases  and  fumes  were  drawn  off  below  the  level  of  the  charge- 
floor,-  a  practice  which  was  followed  for  many  years  subsequently  at  those 
works  and  elsewhere,  but  has  not  survived.  Except  at  Eureka  and  a 
few  other  localities,  all  furnaces  were  provided  with  closed  breasts,  and 
the  slag  tapped  off  intermittently  instead  of  continuously.  Charcoal 
or  coke,  or  both  mixed,  employed  as  fuel,  charcoal  being  still  extensively 
in  use,  but  the  tendency  more  and  more  toward  coke.  Consumption  of 
mixed  fuel  at  Leadville,  22  to  24%  of  weight  of  charge;  in  Salt  Lake 
\'alley,  14  to  17%o-  With  charcoal  alone,  26  to  28%..  The  blowers 
mostly  in  use  were  the  Baker,  which  had  driven  out  of  the  field  neai'ly 
all  the  Sturtevant  fans  and  a  good  many  of  the  Roots'.^  Sulphide  ores 
njasted  in  reverljeratories  of  10  to  12  ft.  width  and  30  to  40  ft.  length 
of  hearth.     Slag-roasting  generally  practised. 

'  Anton  Eilcrs  was  prominent  in  the  development  of  the  Raschette  furnace. 

2  Engineering  and  Mining  Journal,  XXV,  No.   12. 

3  The  Roots  blower  was  originally  of  partial  wooden  construction,  and  conse- 
quently was  mechanically  imperfect.  The  Baker  blower  obtained  its  prestige  through 
being  wholly  of  metal.  However,  it  was  defective  in  principle  and  consequently  was 
in  turn  driven  out  of  use  by  the  Roots  blower,  improved  and  made  wholly  of  metal, 
and  the  Connersville,  lx)th  the  Roots  and  the  Connersville  being  more  efficient  than 
the  Baker  in  their  delivery  of  air. 


Ml   r\!  I  '  "-'   >  v? 
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of  1:2  would  j^roiluce  a  i^ood  slaji.  Xotwithstaiulinji;  this  knowledge,  a 
great  deal  of  imcertain  work  was  done  until  Anton  lulers  and  other  metal- 
lurgists directed  their  attention  to  crystallized  slags,  which  they  regarded 
as  real  ciieniical  comi)ounds,  and  therefore  of  constant  conijiosition, 
while  amorphous  slags  were  consitlerctl  as  mere  mixtures  of  different 
silicates,  or  solutions  of  one  silicate  in  another.  It  was  observed  tiiat 
certain  crystallizctl  slags  behaved  in  the  furnace  better  than  others.  Jf 
such  a  slag  could  be  made  at  will,  a  gi'cat  ])roblem  would  l)e  solved;  any 
kind  of  ore  could  be  smelted  without  trouble  by  gi\ing  it  the  lacking 
constituents  in  the  ratio  required  to  produce  the  desiretl  slag.  The 
solution  of  this  problem  involved  the  accurate  sampling  antl  analysis 
of  all  the  ingredients  of  the  furnace  charge,  and  the  weighing  of  the  charge 
into  the  furnace  instead  of  throwing  it  in  by  volume,  the  old  "shovel 
system,"  wherein  so  many  shovels  of  this  and  so  many  shovels  of  that 
were  taken.  With  this  improvement,  silver-lead  smelting  was  put  on  a 
scientific  basis,  and  in  conjunction  with  the  improvement  in  furnace 
design  and  construction  it  hatl  become  a  well-developed  art  by  1881. 

At  Pueblo,  Colo.,  in  1882,  the  Puel:)lo  Smelting  and  Refining  Co.  had 
the  largest  and  most  complete  plant  in  the  United  States,  including  a 
refinery.  The  Cirant  works,  at  Denver,  which  in  convenience  of  design, 
efficiency,  and  cleanliness  at  that  time  surpassed  all  the  others,  had  just 
been  completetl.  The  Colorado  Smelting  Co.  was  constructing  a  new 
l)lant  at  ruel)lo. 

The  Colorado  smelters  aimed  to  run  the  excellent  slag  containing 
30%  silica,  40%  ferrous  oxide,  and  20%  lime.  The  Utah  smelters,  on 
the  other  hand,  lacking  iron  in  their  ores,  in  view  of  the  high  cost  of  iron 
flux  as  compared  with  lime,  aimed  to  make  a  slag  in  which  the  propor- 
tion of  ferrous  oxide  to  lime  was  1:  1.  Slag  made  at  the  Horn  Silver 
works  corresponded  to  the  composition  35%  SiOj,  25%  FeO,  26%  CaO, 
and  10%  AI2  O3.  The  handling  of  matte,  speiss,  and  flue  dust  were 
troublesome  problems  to  all  the  smelters.  Matte  was  generally  crushed 
and  roasted  in  reverberatory  furnaces,  though  heap-roasting  was  prac- 
tised to  some  extent.  The  reworking  of  speisses  was  left  in  abeyance. 
Flue  dust  was  commonly  agglutinated  with  lime  and  resmelted  along  with 
the  ore  as  fast  as  made.  Hahn  had  suggested  as  early  as  1878,  however, 
the  use  of  a  brick-machine  to  make  the  flue  dust  into  adobes  (using  the 
requisite  percentage  of  lime)  and  it  is  possi])le  that  this  idea  was  the  germ 
of  the  modern  practice  of  briquetting.'  It  is  noteworthy  also,  that 
the  mechanical  feeding  of  lead-blast  furnaces,  which  is  one  of  the  most 
recent  developments  in  lead-smelting  engineering,  was  actually  practised 
at  Eureka,  Nev.,  in  1871. 

Ideas  as  to  the  physical  character  of  the  furnace  charge  also  changed 
'  Mineral  Resources  of  the  United  States,  1882,  p.  344. 
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material  is  charged  nuich  coarser.  A.  S.  Dwight,  in  1*)()1,  described  tlie 
ideal  charge  as  consisting  of  a  niixturc  in  which  about  one-third  is  pieces 
from  5  to  2  in.  in  diameter,  one-third  from  2  to  ^  in.,  and  the  remaining 
third  from  A  in.  down.' 

The  loss  of  lead  in  smelting  at  Leadville  in  18S2  was  13  to  15%;  of 
silver  about  3  to  4%.  Charges  as  low  as  7%  in  lead  were  run.  In  1879, 
when  the  terminus  of  the  railway  was  35  miles  from  Leadville,  the  cost 
of  charcoal  was  14  c.  per  bushel  of  14  lb.;  of  coke,  $36.70  per  2000  lb.; 
in  1S82,  the  prices  were  10^  c.  and  S15  respectively.  The  average  fuel 
cost  in  smelting  a  ton  of  ore  in  1879  was  $8.92;  labor,  $5.20.  In  1882 
these  costs  were  $5.66  and  $2.79  respectively,  although  the  ores  in  1882 
were  less  favorable  to  smelt.^ 

1893:  Rectangular,  water-jacket  furnaces  almost  exclusively  in  use. 
Closed  breasts.  Tops  open  (Grant  works),  brick-stack  and  down-take 
above  feed-floor  (numerous  works),  and  closed  tops  ((jlobe  works).  Fur- 
naces from  36X86  to  42  X 120  in.  in  hearth  area.  Height  12  to  18  ft.  from 
tuyeres  to  charge  door.  Blast  pressure  f  in.  to  2^  in.  mercury  (6  to  40  oz.). 
Sulphide  ores  and  mattes  roasted  in  reverberatory,  hand-raked  furnaces, 
and  in  O'Hara,  Pearce,  and  Brown  mechanical  furnaces.  Cost  of  roasting 
about  $2  per  ton.  Cost  of  smelting  at  Denver  about  $4.50  per  ton.  Dust 
chambers  and  other  means  for  collecting  dust  and  fume  highl}'  developed. 
Bag  filtration  in  use  at  the  Globe  works,  Denver.  Extraction  of  lead  in 
good  practice  94%  and  upw^ard;  of  silver,  95%  and  upward. 

1901:  Circular  furnaces  entirely  out  of  use,  except  for  smelting  by- 
products in  refineries.  Rectangular  furnaces  of  48X144  and  48X160 
in.  at  the  tuyeres  employed  in  the  best  practice.^  Height  from  tuyeres 
to  charge-floor  about  16  ft.  Capacity  about  150  tons  of  charge  (ore  and 
flux)  per  24  hours.  Furnaces  generally  arranged  with  closed  tops,  com- 
municating by  down-take  above  the  feed-floor  with  bag  house,  operated 
by  mechanical  draft,  or  with  system  of  very  long  and  very  large  flues 
(dust  chambers),  operated  by  chimney  draft,  the  latter  method  being 
the  more  generally  in  vogue.  Closed  breasts,  matte  and  slag  being  tapped 
into  large  forehearths  *  for  settling  the  matte,  the  slag  being  removed  in 
large  pots  drawn  by  locomotives.     Water-jackets  increased  in  height  to 

» Trans.  Am.  Inst,  of  Min.  Eng.,  XXXII,  364. 

2  O.  H.  Hahn,  "The  Smelting  of  Argentiferous  Lead  in  the  West,"  Mineral  Re- 
sources of  the   United   States,    1882,   p.   341. 

3  P'urnaces  of  greater  height  and  greater  hearth  area  were  tried  between  1891  and 
1901,  but  the  results  were  not  satisfactory  and  furnaces  of  the  dimensions  stated  above 
were  reverted  to  as  the  most  efficient  and  are  now  practically  adojited  as  the  standard. 

<The  introduction  of  these  large  forehearths,  first  l)y  R.  1).  Rhodes  at  Leadville 
about  1895,  and  the  further  development  of  reverl)eratory  furnaces  for  keeping  the 
slag  thoroughly  molten,  were  improvements  of  great  importance  in  reducing  the  loss 
of  metals  in  the  slag. 
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Is  ill.,  aii'l  vwu  to  (i()  ill.  in  w»iim'  of  tin*  newest  fiirnari»}<.  Ilfurtli  iirva 
t«i  tlin»:il  ari'a  alnuit  \:'2\.  Jarki't.**  with  H)-iijrh  Ixi.sli.  Hla.Ht  pn-N.-^iin*, 
40  U>  til  «>/...  siipplinl  liy  ItiwiLs*  <ir  (  onurrhvillo  lihtwerx,  with  (tiit^itlfrahlt; 
iLsc  of  piMt«»n-l)h»\\»'rs  aiiii  tomli'iirv  l4»war«l  th«'ir  iiirifii-seil  iwc.' 

For  the  n»:i.stiM^  of  .stilphitle  «nfj<.  the  loii^,  iiiechaiiical  n-verlwra- 
tories.  Hke  the  O'Hara.  Hntwii.  Kopp,  aii<l  otherx,  whirh  ha<l  UfU  ex- 
tensively tri«'<l  in  the  ninetie.s.  had  l»een  generally  «lisear«le<I.  ami  htanthinl 
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liLwt  Furnace  with  Opi-n  Top,  luntl  in  Colorado  ahout  ISUI. 


prartirc  had  reverte<l  to  the  onlinary,  haml-rakejl  revcHioratory,  with 
hearth  14x00  to  16x64  ft.,  uml  fircplaee«  with  stcp-gratcw;  and  Bnieck- 
ner  eylinders  for  certain  rlasse-s  of  ore. 

The  general  arranpenient  of  a  modern  lead-smelting  plant  an<l  the 
I)rinripal  n»erhaniral  features  are  indieatetl  in  the  following  description 
of  the  Murray  plant  of  the  American  Smelting  and  Refining  Co.,  which 
wixa  liegtin  in  l'.H)I  and  completed  in  the  .'♦iimmer  of  VMt'2:  ' 

•  TTiui  trtKlrnry  towarti  Ihr  uj**  of  purtnn  hlowcm  laxtotl  only  •  few  yram,  the  prr*rnl 
tcndn  '<•  <linc«r»l  thrni 

>  /  ,  ntvi  yhning  Jnumal,  June  28,   1003. 
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"The  new  works  are  hiiilt  on  level  ^roiiiul;  there  luis  been  no  attempt 
to  seek  or  utilize  a  slojiing  or  a  terraced  surface,  save  ininiediately  in 
front  of  the  blast  furnaces,  where  there  is  a  drop  of  several  feet  from 
the  furnace-house  floor  to  the  slag-yard  level,  affording  room  for  the  large 
matte-settling  boxes  to  stand  under  the  slag  spouts.  A  lower  terrace, 
beyond  the  slag  yard,  furnishes  convenient  dumping  ground.  Other- 
wise the  elevations  required  in  the  works  are  secured  by  mechanical  lifts, 
the  ore,  fluxes,  and  coal  being  brought  in  almost  entirely  by  means  of 
inclines  and  trestles. 

"The  plant  consists  essentially  of  two  parts,  the  roasting  department 
and  the  smelting  department.  The  former  comprises  a  crushing  mill 
and  two  furnace  houses,  one  equipped  with  Brueckner  furnaces  and  the 
other  with  hand-raked  reverberatories.  The  roasting  furnaces  stand  in 
a  long  steel  house;  they  are  set  at  right  angles  to  the  longer  axis  of  the 
building  in  the  usual  manner.  At  their  feed  end  they  communicate  with 
a  large,  dust-settling  flue,  w'hich  leads  to  the  main  chimney  of  the  works. 
The  ore  is  brought  in  on  a  tramway  over  the  furnaces  and  is  charged 
into  the  furnaces  through  hoppers.  The  furnaces  ha^•e  roasting  hearths 
only.  The  fire-boxes  are  arranged  with  step-grates  and  closed  ash-pits, 
being  fed  through  hoppers  at  the  end  of  the  furnace.  The  coal  is  dumped 
close  at  hand  from  the  railway  cars,  which  are  switched  in  on  a  trestle 
parallel  with  the  side  of  the  building,  which  side  is  not  closed  in.  This, 
together  with  a  large  opening  in  the  roof  for  the  whole  length  of  the  build- 
ing, affords  good  light  and  ventilation.  The  floor  of  the  house  is  con- 
crete. The  roasted  ore  is  dropped  into  cars,  Avhich  run  on  a  sunken 
tramway  passing  under  the  furnaces.  At  the  end  of  this  tramway  there 
is  an  incline  up  which  the  cars  are  drawn  and  afterward  dumped  into 
brick  bins.  From  the  latter  it  is  spouted  into  standard  gauge  railway 
cars,  by  which  it  is  taken  to  the  smelting  dcj^artmcnt.  The  roasted  ore 
from  the  Brueckner  furnaces  is  handled  in  a  similar  manner.  The  de- 
livery of  coal  and  ore  to  the  Brueckners  and  the  general  installation  of 
the  latter  are  analogous  to  the  methods  employed  in  connection  with 
the  reverberatories. 

"The  central  feature  of  the  smelting  department  is  the  blast  furnace 
house,  which  comprises  eight  furnaces,  each  48X160  in.  at  the  tuyeres. 
There  are  10  tuyeres  per  side,  a  tuyere  passing  through  the  middle  of  each 
jacket,  the  latter  being  of  cast  iron  and  16  in.  in  width;  their  height  is  6 
ft.,  which  is  rather  extraordinary.  The  furnaces  are  very  high  and  are 
arranged  for  mechanical  charging,  a  rectangular  brick  down-take  leading 
to  the  dust  chamber,  which  extends  behind  the  furnace  house.  The 
furnace  house  is  erected  entirely  of  steel,  the  upper  floor  being  iron  plates 
laid  on  steel  I  beams,  while  the  upper  terrace  of  the  lower  floor  is  also 
laid  with  iron  plates.     As  previously  remarked,  the  lower  floor  drops 
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d«»\vn  :i  .strp  in  front  of  the  furnart'}*,  luit  there  i.H  nn  cxteiu<i«»n  <»n  v:u\\ 
hiilc  of  fvrry  furiijuc,  wlurli  alTonls  tl««  inTcssary  an-css  to  thr  ta|Hhii|i". 
The  hriuhl  of  the  hitlor  alxtvr  the  lower  trrrart*  k-ave-s  hkum  for  the  larjje 
inatte-M'ttliii^  Ikjxom,  and  the  matte  tapfied  fn)iu  the  hitter  rmu*  into  jiotii 
«ui  thf  unniiul  levrl,  «li>|»«'ii>inK  with  the  iiiri.Mveninit  pit«  that  an;  t<» 
U;  seen  at  sonu'  i»f  the  ohitT  work.x.  The  ei^ht  fiirna<e.H  «tan«l  in  a  row, 
al>out  :{()  ft.  apart,  center  to  center.  The  main  air  ami  water  pipen  iirc 
.strung  aloM;j  U'hi.ul  the  furnaces.  The  sI:ik  froiii  th«'  Miatte-^4'ttnii}? 
Inixes  overll«)W.s  int4>  siufilr-lMtwl,  Ne.smith  \ntli*,  which  an*  to  U-  handled 
by  nieaits  of  .small  locom«»tives.  The  ftuil  ahm  is  ri'tiirneil  by  meaas  of  a 
continuous  pan-conveyor  t«»  a  hrick-lined.  <ylindrical  ste<'l  tank  U-hind 
the  furnace  huiUie,  whencr  if  i>  (haun  ofT  tlimuL'li  diuti^  a.-^  nMuin-l  fur 
HH-haniin;:. 

"The  charges  are  ma«ic  uj)  on  the  ground  k\rl.  uunuiliatcly  Uhind 
the  furnace  houx".  The  <»rt!  an<l  fluxes  an?  brought  in  on  tnvstles,  whenct* 
the  orc  is  unloaded  into  the  Ix'ds  and  the  (luxes  into  elevated  birts.  These 
are  all  in  the  ojH'n.  then*  U'inu  only  two  small  sheds  when*  the  <hanies  an; 
made  up  and  dumiH'd  into  the  car>i  whi<h  p)  to  the  furnaces.  Then; 
arc  two  inclines  to  the  latter.  At  the  top  of  the  inclines  the  can*  arc  landed 
on  a  transferring  carriage  by  which  they  can  U'  moved  to  any  furna<'e 
of  the  .series. 

"The  dust  flue  cxten«ling  Udund  the  ftirnacc  hotise  is  arranged  to 
ilischarm*  into  cars  on  a  tnimway  in  a  cut  Ik-Iow  the  gnumd  level.  This 
Hue,  which  is  of  brick,  conne<ts  with  the  main  Hues  leading  to  the  chini- 
ney.  The  main  flues  are  built  id  concrete,  laid  on  a  steid  franic  in  the 
usual  manner  ami  are  very  large.  For  a  (-ertain  distance  they  an*  irjstalled 
in  triplicate;  then  they  make  a  turn  appmximately  at  right  angles,  and 
two  Hues  continue  to  the  chimney.  At  the  pn)|)t>r  jioints  there  are  huge 
dam|)erM  of  stiH'l  plate,  pivotted  vertically,  for  the  pur|»«)se  of  cutting 
out  such  .section  of  Hue  :u*  it  may  Ik?  de.sired  to  clean.  Kach  Hue  h:is 
o|)enings,  ordinarily  closed  by  stt-el  (hwirs.  which  give  access  to  the  in- 
terior. The  (lues  are  simple  timnels,  without  ilrift-walls  or  any  other 
interruption  than  the  anhed  p:i.ssages  which  extend  transvers*'ly  thmugh 
them  ut  certain  places.  The  chimney  Ls  of  brick,  eireular  in  section, 
20  ft.  in  diameti-r  and  L'J'i  ft.  high.  This  Is  the  only  chimney  of  the  works 
.•'ave  tho.s«  of  the  Ixuler  hou.so. 

"The  l)oiler  hou.sc  w  equipped  with  eight  internally  fire<i  corrugnte<l 
fire-Nix  l)oilers.  They  are  arrange«l  in  two  n»ws.  face  to  face.  IVtw»>en 
the  niWM  there  is  an  overheatl  <'oal-bin,  fn)m  which  the  coal  is  dniwn 
directly  to  the  hr»p|ierH  of  the  .\merican  stokers,  with  which  the  lioilers 
are  pn»vided.  .Adj«»ining  the  Utilcr  hotiso  is  the  engine  h<»u.s<'.  the  latter 
a  brick  biiihling.  very  commodious,  light  and  airy.  It  contains  two  cn»ss- 
com|X)uml,  horizontal  blowing  engines  for  the  blant  furnace:*,  and  two 
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direct-connected  electrical  gencniting  sets  for  the  development  of  the 
jxnver  required  in  various  parts  of  the  works.  A  traveling  crane  spans 
the  engine  house.  In  close  proximity  to  the  engine  house  there  is  a 
well-equipix^d  machine  shop.  Other  important  buildings  are  the  sam- 
pling mill  and  the  flue  dust  briquetting  mill. 

"A  noteworthy  feature  of  the  new  plant  is  the  concrete  paving,  laid 
on  a  bed  of  broken  slag,  which  is  used  liberally  about  the  ore  yard  and  in 
other  jjlaces  where  tramming  is  to  be  done.  The  roasting  furnace  houses 
are  floored  with  the  same  material,  which  not  only  gives  an  admiraljly 
smooth  surface,  but  also  is  durable.  The  whole  ])lant  is  well  laid  out 
with  service  tramways  and  standard  gauge  spur  tracks,  and  the  design 
has  been  obviously  to  save  manual  labor  as  much  as  possible." 

]\Ietallurgically,  the  smelting  practice  of  1901  was  characterized  by 
the  composition  of  a  slag  as  high  as  possible  in  silica  and  zinc,  in  order 
to  carry  in  the  charge  the  maximum  of  "high  margin"  ores,  rather  low 
in  iron  and  correspondingly  high  in  lime,  because  of  the  relative  cheap- 
ness of  lime  flux.  In  order  to  effect  the  maximum  saving  of  gold  and 
silver,  about  12.5%  of  lead  was  carried  in  the  charge,  and  in  addition 
thereto  a  certain  proportion  of  copper,  the  latter  entering  the  matte, 
which  after  roasting  was  concentrated  by  a  resmelting  up  to  a  high  copper 
content  and  passed  on  to  the  copper  refinery.  The  treatment  of  these 
leady  copper  mattes  was  one  of  the  most  serious  problems,  their  lead 
content  being  troublesome  to  the  copper  refiner.  In  ore-roasting,  only 
those  rich  in  sulphur  were  burned,  the  high-grade  galenas  being  charged 
raw  into  the  blast  furnace,  in  order  to  reduce  loss  of  lead  by  volatilization. 
Mechanical  feeding  of  the  blast  furnaces  was  adopted  at  some  works, 
and  in  spite  of  certain  difficulties  was  looked  to  as  the  coming  practice. 
The  increased  width  and  height  of  the  furnaces,  together  with  the  in- 
creased proportion  of  fine  ore  in  the  charge,  necessitated  high  blast  pres- 
sure. The  dust  blown  out  of  the  furnace  and  collected  in  the  flues  was 
compres.sed  into  briquettes  and  resmelted  in  the  blast  furnace. 

In  good  practice  the  proportion  of  ore  in  the  furnace  charge  was  about 
80%.  The  consumption  of  fuel  (coke  exclusively)  was  12  to  16%  of  the 
charge.  In  six  months  of  1901  the  American  Smelting  and  Refining 
Co.  smelted  904,124  tons  of  ore,  62,870  tons  of  matte,  46,908  tons  of  by- 
products, 154,728  tons  of  lime  flux  and  3,653  tons  of  iron  flux,  a  total 
of  1,172,283  tons.  The  material  roasted  was  304,0.34  tons  of  ore,  65,652 
tons  of  matte  and  2545  tons  of  by-products,  a  total  of  372,231  toas. 
The  coasumption  of  coal  in  roasting  was  about  30%  of  the  weight  of  the 
ore,  the  ore  being  burned  down  to  3  to  4^%  sulphur.  The  cost  of  coke 
in  Colorado  was  S5  to  $7  per  ton;  in  Utah,  $8.50;  in  Montana,  $9.50. 
The  cost  of  coal  in  Colorado  was  about  $2  per  ton.  Lime-rock  cost  $0.70 
to  SI. 40  per  ton,  but  generally  less  than  $1.     Roasting  in  reverberatory 
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fiiriKM'cvs  cost  $2  t<»  $'-*.. 'iO  |wr  l4iii ;  in  hrucrkiiiT  ryliiulrrs  $1.10  tn 
$1.1.');  thu  l)uriK*«l  ore  rontaiiiiiiK  <{  t4i  t.'*' ,'  Hiilpliur  in  tlio  forincr  ciiM-, 
an«l  1.")'  i  to  0%  S  ill  the  lattiT  c'imv  The  t4»tal  r<wt  of  HineltiiiK  |ior  l4Ui 
of  «»rr  ami  lliix  char^teii  w:uh  $'J..'A)  to  $.'>,  inrliuliii^  the  CMwt  of  nuiMtin;; 
the  pn»|)orti<»n  of  ore  thii.H  tn'ate<l. 

Since  l'.M)l.  the  rhief  iniprovenientH  in  the  art  of  Nilver-Iea<l  .smelting 
have  U'f'n  in  nMiiodehnj;  the  |>o\ver  plant.**,  re<lurinK  the  co.si  of  |)ower, 
an  exjien-Hive  item  in  view  of  the  larj:e  |M»\ver  HMpiiriMnent^i  of  niotlrrn 
praetire;  the  ftirther  development  and  inrn-a^'d  h.hc?  of  merhanical  <har- 
ging;  and  the  intHxluction  of  the  lIuntington-IIet)erlein  pni(-c.x.s  for  the 
treatment  <»f  .sul|)hide  on\s. 

The  gradual  development  of  the  n'rlaniiular  hht^t  fiirnaeo  w  nhown 
in  the  following  table,  whirh  i.s  haM'd  on  «»ne  pn'pared  l»y  H.  \  .  ('r«>||   ' 
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Smelting  of  Non-Argentifi:rous  Ore 

The  smoltinu;  oi  the  non-ariioutiferous  lend  ore  of  the  Mississippi 
Valley  has  liceii  of  less  interesting  tlevelopnient,  either  mctallurgically 
or  econoniically,  than  the  smelting  of  silver-lead  ores  of  the  Rocky  Moun- 
tains, because  the  problem  is  simpler  and  because  the  lead-producing 
districts  being  accessible  by  river  routes,  and  moreover  being  early  reached 
by  railways,  cheap  transjjortation  was  enjoyed  long  before  the  districts 
in  the  far  West.  Even  in  the  very  early  history  of  Missouri,  lead  ore 
was  smelted  at  comparatively  low  cost,  because  cheap  labor  and  fuel 
were  available,  and  costs  do  not  therefore  show  the  great  reduction  that 
is  manifest  in  the  history  of  Utah  and  Colorado. 

In  considering  the  practice  of  lead  smelting  in  the  Mississii)pi  Valley 
it  is  necessary  to  observe  that  lead  alone  is  the  object  of  the  smelting 
and  that  the  ore  is  delivered  to  the  smelter  in  a  concentrated  form,  now- 
adays chiefly  as  mill  concentrates,  assaying  from  60%  to  82%  in  lead. 
The  proportion  of  gangue  (chiefly  silica  in  the  Joplin  district  and  chiefly 
dolomite  in  southeastern  Missouri)  is  therefore  comparatively  small,  and 
its  removal  by  slagging  would  be  a  simple  and  cheap  matter  if  the  right 
kind  of  fluxes  were  available,  which  unfortunately  is  not  the  case. 

The  earliest  smelting  in  Missouri,  in  the  log  and  ash  furnaces,  was  so 
primitive  that  it  may  be  disregarded  in  a  metallurgical  discussion.  It 
is  referred  to,  however,  in  a  subsequent  chapter  of  this  work.  The  cost 
of  smelting  was  low,  being  only  $4  per  ton  of  ore  as  early  as  1825,*  but 
the  extraction  of  metal  was  also  low,  amounting  to  no  more  than  75% 
of  the  lead  content  of  the  ore.  The  log  furnace  was  used  probably  as  early 
as  1720.  In  1799  it  began  to  be  displaced  by  the  ash  furnace,  introduced 
by  Moses  Austin,  but  it  survived  for  many  years  after  that  and  was  em- 
ployed at  Cadet,  Washington  County,  as  late  as  1864.  The  Scotch  hearth 
was  introduced  about  1836  in  Washington  County.  The  air,  or  Druni- 
mond  furnace,  was  first  tried  about  1850  in  Newton  County,  and  was 
extensively  used  in  central  and  southeastern  Missouri  in  1871-1880 
A  Flintshire  furnace  was  erected  at  the  Frumet  mine  in  1870,  and  the 
same  type  was  adopted  at  Granby  about  1874  and  at  the  Desloge  works 
at  Bonne  Terre  about  1875.  They  did  not  remain  long  in  use  at  any  of 
those  works,  but  were  readopted  at  Desloge  about  1888.  The  first 
blast  furnace  (cupola)  in  Missouri  was  erected  at  Mine  la  Motte  in 
1870;  the  St.  Joseph  Lead  Co.  built  its  first  one  at  Bonne  Terre  in  1874. ^ 

Previous  to  1871,  the  smelting  methods  practised  in  Missouri,  either 
in  the  Scotch  hearths  or  air  furnaces,  were  crude.  About  1871  the  prac- 
tice was  varied  by  the  introduction  of  Flintshires  and  cupolas,  and  from 

'  American    State    Papers,    IV,    557. 

2  J.  D.  Robertson,  Report  of  Missouri  Geological  Survey,  VII,  489. 
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tliat  tiiiH'  lip  to  the  present  all  four  tyi)c«  «»f  furnace  have  liccn  in  r<»n- 
ten»|)*'r;irH'nus  iisf,  with  n«»t  vjtv  iiinrh  im|in»veim'Ml  until  nTnitly. 

'llu*  air  furnareM  iiseil  in  1S71  ISS()  wen*  huilt  <»f  Htone,  with  a  .'•l«t|»- 
ing  hearth  9X3  ft.,  and  grate  ^iX'ii  ft.  The  usual  charge  wiu*  I.VM)  lb. 
of  on*,  which  w:ls  worked  off  in  ei;:ht  ln»urs  l»y  a  <'n*w  of  two  uivu,  with 
the  consumption  of  «Mie  nml  of  W4m»|  pi-r  ton  «»f  on*.  Tin?  extraction  of 
metal  \v;us  S(l  t«»  '.K)'  ,' .  The  gray  Mlag,  aMsayin^  40  to  .'io't  in  lead,  wjls 
generally  thn>wn  away.  The  follnwinir  account'  of  the  .Mmellinu  at  I'almer 
in  I'.HII  .show.**  that  the  practice  wa.s  r^^rtitinlly  the  >;ime  :ls  tliirtv  year-; 
pn'viou.'^ly : 

"The  air  furnace  empjitycd  at  raimer  i--  a  rude  ri'verUrjii'iry  with 
a  >loping  hearth  \)X'-i  ft.,  and  a  lat«*ral  lin"pla«-e  at  the  lower  end  of  the 
hearth.  The  lead,  n'duced  hy  ro:L»<t- react  ion,  hmls  d«»wri  into  a  kettle 
out.'*i«le  of  the  furnace  at  the  lower  end  of  the  hearth.  Such  a  furnace, 
which  i.s  construct<'«l  at  in.-^ignilicaiit  cost,  is  capahle  of  smelting  a  chanic 
of  'JtKK)  ll».  of  ore  in  eight  to  ten  hours,  with  the  lalxtr  of  (Uie  smelter  and 
one  hel[»er,  and  the  consumption  of  one  c<trd  of  wood.  At  I'almer,  com- 
parative trials  In'tween  the.'^e  air  furnaces  ami  S<'otch  hearths  n*sjilted 
in  favor  of  the  former.  The  merj  arc  paitl  according  to  the  yield  of  lead 
they  get  fn»m  the  ore.  which  will  range  from  ]'MH)  to  1  KH)  Ih.  j)er  ton, 
averaging  al»out  l.'i(K)  ll>.  The  cost  of  smelting  i»«>r  ton  of  ore  f«»r  a  yield 
of  \MA)  Ih.  will  U'  $•-».(»()  for  lalM)r,  and  $1  for  wjkhI;  total,  $:iXA).  The  cost 
«»f  l.'i(i<)  11).  pig  l<'a<l.  delivered  at  St.  I>)uis,  will  1k',  then-fore,  approxi- 
mately :us  follows:  Ore  cost,  $.'J();  carting,  S()  c.;  smelting,  $.i.(i<);  carting 
and  railway  freight,  $.*J.'U):  ."ielling  eommi.s'<ion,  oO  e.;  total,  l>.'tS..'}0,  or  al>out 
'J.HOc  per  11).,  or.  say.  .'i  to  .■?.2.")c,  allowing  for  general  ex|n'ns<'.  The  pmfit 
pi-r  ton  <»f  ore  is  $10.20  to  $1.'J.(K),  when  pig  lead  is  worth  1  c  at  St.  I>iui.s. 
The  raw  ore  pmhahly  a.**say.s  S2  to  S\'  ',  I'h.  \  yield  of  ]'MH)  ll».  of  pig 
lead  fnim  S.'i''J  ore  indicates  a  recovery  of  al)out  S'2^",  of  the  metal  in  the 
<irc.  .A  ton  of  ore  makes  also  alxMit  2.")0  Ih.  of  gray  sl;»g,  which  is  high 
in  leatl,  but  i.**  practically  valuele.ss,  unle.s.s  the  smelter  Ik?  near  a  railway. 
.■\.s.suming  the  gray  slag  to  a.'ssay  10'",'  IM».,  the  total  metal  accounte<l  for 
is  nearly  ss'  ,  of  the  tenor  of  the  ore,  leaving  12' ,'  us  loss  by  dusting  and 
volatilization,  but  pn>bably  the  hiss  by  volatilization  i.s  somewhat  greater 
than  th.at;  the  on*  is  never  jussayed.  :uul  the  exact  recovery  i       "  re, 

unknown.      However,  the  practical  nsull  is  ct-rtainly  a  very  w 

one,  coa'iidering  the  trifling  outlay  recpiired  for  plant  and  the  l< 
of  snudting."' 

The  form  of  Scotch  hearth  originally  iised  in  Mi-ssouri  was  a  rrctangtj- 
lar  p<»t.  with  a  back  and  si»les  of  stom^  «ln*ssetl  to  cubical  shape.  TIm» 
stones  were  siiltHecpiently  n'placed  by  cultcs  of  cast  iron,  alxiut  7  in.  «>n 

'  I'min  nr  '••    »  ■>  —  !  ■  •■  r- '  •■  •- -    ■••   t----^-r7  ami  Mining  Journal, 

thx.  10.  loai 


64  LEAD   AND   ZINC   IN   THE   UNITED   STATES 

the  sides,  which  increased  the  life  of  the  furnace,  lead  oxide  having  no 
effect  on  the  iron,  while  it  corroded  the  stone  rapidly.  The  back  and 
sides  of  solid  iron  were  finally  replaced  by  a  hollow  iron  casting,  through 
which  water  could  be  circulated,  forming  a  water-jacket,  and  enabling 
the  furnace  to  be  run  continuously  without  becoming  too  hot.  At  llossie, 
X.  Y.,  a  furnace  was  employed  for  a  time  which  obtained  considerable 
notoriety  as  the  American-Scotch  hearth.  In  this  the  air-blast  was  forced 
through  the  jacket  before  passing  tlirough  the  tuyeres,  being  thus  pre- 
heated. The  expedient  was  found  to  result,  however,  in  an  increased 
volatilization  of  lead,  and  therefore  did  not  find  permanent  adoption 
excci)t  at  the  Lone  Elm  works,  at  Joj^lin,  where  it  was  employed  for  the 
sixjcific  purpose  of  increasing  the  volatilization. 

^'aluable  data  of  the  smelting  results  with  the  early  hearth  furnaces 
are  obtained  from  the  records  of  the  works  of  Xoble  Brothers,  near  Granby, 
Mo.,  in  1860-61,  which  have  been  reported  by  D.  Brittain.^  Ore  cost 
S16  j>cr  1000  lb.;  75%  of  the  ore  was  extracted  as  pig  lead;  in  twelve  hours 
24,000  lb.  of  ore  3'ielded  18,000  lb.  of  pig  lead.  The  process  was  divided 
into  first-smelting  and  second-smelting,  the  first  yielding  65%  at  a  cost 
of  S85.68  per  24,000  lb.  of  ore;  the  second,  10%  at  a  cost  of  S28.04.  Nine 
bushels  of  coal  and  |  cord  of  fine  split  wood  were  provided  for  each  hearth; 
likewise  3000  lb.  of  ore,  this  amount  being  smelted  in  six  to  seven  hours, 
called  a  "tour."  Out  of  every  24,000  lb.  of  ore  were  obtained  7000  lb. 
of  slag  which  crushing  and  washing  reduced  to  5000  lb.,  divided  into  two 
parts,  3500  lb.  being  "rich  slag"  and  1500  lb.  "poor  slag."  The  first 
after  smelting  left  875  lb.  of  slag,  reducible  b}^  crushing  and  washing  to 
650  lb.  This  was  added  to  the  original  1500  lb.  of  poor  slag,  and  both 
were  then  smelted  in  a  blast  furnace,  together  with  the  3500  lb.  of  rich 
slag,  the  5650  lb.  of  slag  producing  2400  lb.  of  pig  lead,  or  about  42^%. 

The  labor  required  for  the  treatment  of  24,000  lb.  of  ore  was  as  follows: 
One  superintendent,  one  engineer,  one  fireman,  two  smelters  on  each 
hearth  (one  front  smelter  and  one  back  smelter),  one  coal  man,  one  black- 
smith, and  one  carpenter.     The  cost  of  smelting  was  as  follows: 

First  Smelting 

Hauling  24,000  lb.  ore  at  S0.50  per  1000  lb $12.00 

Crushing  and  washing  at  S0.35  per  1000  lb 8.40 

Si.xteen  smelters,  front  hands    16.00 

Sixteen  smelters,  back  hands    12.00 

Superintendent    2.50 

Engineer  1-25 

Hreman        1-25 

Coal  man    1  00 

Amount  carried  forward.  .  $54.40 

1  Engineering  and  Mining  Journal,  Nov.  9,  1907. 
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Amuuttt  bruufjhl  Jitm  1.10 

HlackMiudi  i  <"> 

("arjM'iiCor    .                 •  '•* 

Cl>»rf.«il.  7-»  ImihIioIh  at  7 J  c.  •'•  »<> 

FiiK"  Mplit  wuoil,  3  conU  nt  $.'>  I.'i  0I» 

I.iiiM'    .              .  .          . .  •*W 

WimmI  for  engine,  2^  conl«  at  f  l.&U  •'<  75 

Oilit.  camllfi*,  rf|Kiin*,  etc  ■*  ft-'* 

ToUiJ  $H.VW* 

Sfronil  Smrlling,   7(MW  //»    NZ-n; 

CniHliiriK  anil  wn-Hhing  at  $1  |ht  Iinki  II)  <  7  (>»» 

Siiiiltine  H;><M>  III   al  $:(  '>7  |Mr  IIMMI  lli  I.'  .'M) 

CniHliiiMj  anil  wanhinj:  n-fiis««  .  S7 

Smi'lliiyj  -M.V)  ll>  at  $:\ M  \>cr  KNM)  ll>  7  •i7 

Total  *•-"• 

Orr,  rj  t«.ns  at  ^'>2                             $•<*<«  «W 

SinrltinK                                                  I  It  7-.' 

TrinsjHirtatioii  (••  -i    L.mhh  ;ii  >1  .{6  prr  Kxt  I-.  J4I  M» 

ToUl  cusl  of  "J  ton.H  of  pig  K'a«l  at  St.  Ixjuis  $74..'.5J 

9  tons  pig  lra.l  nt  $,'".40  per  1()J)  II)  $'»7.»  00 

.S-llini;  {MUirnisMion  ut  2J  |mt  crnl  "Jl  .M) 

V»I7  70 

I>pas  wwt  in  St.  Loiiin  74J..VJ 

Pmlit  iJO.'i  18 

Profit  p«>r  ton  .  .  20.52 

In  iUs  final  f«trm  tlio  Siotrh  lioarth  mmprisod  a  rjust-imn  pf)t,  or  load 
well,  alM)Ut  24X22X10  in.,  on  wliirli  .<ot  a  thrM*-si«lc«l  uater-jarkct .  the 
lattiT  Ix'inK  suruionnKMJ  liy  a  -hof-t-iron  hood  roinnuinicatin^  with  a  dust 
t'hainlKT  «»r  line.  The  front  of  the  furnaro  wxs  ojxmi  like  a  for^e.  and  the 
lead  well  wt  on  a  hrirk  pier  so  jus  t«»  hrin^  its  rim  alnnit  27  in.  alM»ve  the 
fl«M»r.  Cast  with  the  lead  well  was  a  slopin^j  .-ipnin  on  which  the  ^ray  ."^laj; 
wjus  ilrawn  out,  while  the  lead  redueed  in  the  well  overllowed  into  .a  chan- 
nel leading  to  a  |iot  ut  one  .side  of  the  fnrnaee.  Hhust  w:is  .siipplii>d  thn>ti^h 
thn«e  one-ineh  tnyeres  in  the  It.aek  of  the  water-jacket. 

The  lead  well  U-inj;  filled  with  molten  metal,  finely  enishetl  ore  wjus 
thrown  on  the  Imth  in  a  small  heap  sloping  up  .agaiitst  the  hnek-jaeket, 
and  nnder  the  influence  of  the  .'lir  M.tst  w.-us  cmusimI  to  m.xst  an<l  react, 
the  H'sidual  Kangtie  Iteing  r.aked  out  fieriodically  :us  "gray  sl.ag"  or 
"hniwso"  and  fresh  ore  lieing  thrown  in.  The  Mast  w.xs  siipplie<l  hy 
R<M»ts*  Mower,  «ir  Slurtevant  fan,  eommtmly  the  latter,  only  a  light  prcrt- 
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sure  being  required.  In  a  shift  of  eiglit  hours,  two  men  would  work  off 
3500  to  7000  lb.  of  ore,  depending  upon  the  size  of  the  furnace,  etc. 

The  gray  slag,  assaying  usually  about  40%  in  lead,  and  amounting 
in  weight  to  10  to  25%  of  the  ore,  varying  according  to  the  j^ercentage 
iif  gangue  in  the  latter,  was  sometimes  smelted  in  a  slag-hearth,  if  the 
quantity  were  sufficient.  The  slag-hearth  was  a  rude  blast  furnace, 
having  a  low.  rectangular  shaft  with  jjeri^endicular  sides.  The  old  Eng- 
lish slag-hearth  was  first  used,  but  it  was  so  slow  and  costly  in  its  opera- 
tion that  by  1S71  it  had  become  almost  obsolete,  iDeing  displaced  b}'  an 
improved  furnace,  deviled  in  Wisconsin  and  from  there  introduced  into 
Mb^ouri.  This  furnace  was  26x36  in.  in  hearth  area,  and  46  in.  in  height, 
with  a  sloping  hearth  and  an  outside  crucible.  There  was  one  3-ineh 
tuyere,  10  in.  above  the  hearth.  The  hearth  was  formed  of  brasque 
tamped  in  on  a  cast-iron  iDed-plate.  The  shaft  was  lined  with  fire-brick. 
The  fumes  were  carried  away  from  the  furnace  top  by  a  hood  or  chimney, 
sometimes  into  a  dust  chaml^er,  but  ordinarily  into  the  o])en  air. 

Such  a  furnace  would  smelt  in  sixteen  hours  from  15  to  18.5  tons  of 
gray  slag,  assaying  35  to  40%  lead,  producing  7500  llj.  of  hard  lead  at 
the  following  expense: 

2  charters  at  $3 $  G.OO 

4  helpers  at  $1.75    7.00 

1  yard  hand  at  $1..50    1.50 

100  bushels  of  coke  at  $0.25   25.00 

22  bushels  of  charcoal  at  $0.12^ 2.75 

Expenses  for  10  h.p.  engine    S.OO 

Oil,  tools  and  sharpening ..30 

Total 5>50.55 

This  made  a  cost  of  S2.73  to  $3.37  per  ton  of  gra}-  slag.  The 
extraction  of  metal  was,  however,  very  low,  amounting  to  onl)^  62^%  of 
the  content  of  the  material  smelted.  Of  the  loss,  from  8  to  15%  was 
suffered  in  the  black  slag  and  the  remainder  in  dust  and  fume.*  The 
lead  produced  in  this  smelting  was  rated  as  '"hard,"  and  sold  in  1874 
at  a  discount  of  |  and  ^  c.  per  lb.  off  the  price  of  corroding  lead.  01)- 
\-iously  so  wasteful  a  method  of  smelting  could  not  surA-ive,  arid  it  gave 
waj'  to  the  regular  cupola  furnaces  as  soon  as  thej*  l^egan  to  be  generally 
introduced,  save  in  the  case  where  it  was  aimed  to  volatilize  a  high  per- 
centage of  the  lead  (Lone  Elm  works,  Joplin,  Mo.). 

In  their  blast-furnace  smelting  the  Missouri  metallurgists  started 
out  on  the  same  line  as  the  silver-lead  smelters,  but  they  began  with  the 
circular  form  of  furnace  and  stuck  to  it  until  about  1900.  In  other 
respects  their  progress  was  somewhat  similar,  though  slower,  but  in  spite 

'  J.  Y.  Bergen.  Jr.,  Mineral  Resources  West  of  the  Rocky  Mountains,  1874,  pp.  424- 
430. 
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of  tlu»  .sjm|»l»«ity  nf  tin  ir  •<iii«ltiM^  |>n>lili'iii  tlicv  Wfrn  h;ifiiiicn*i|  l»y  two 
factors,  vi/..,  the  lark  <>t  tliixin^  orcn  urt<l  iiiaMlily  to  o|>iain  ir<>M  llux  nf 
high  \nv*'w  exrcoH,  except  ut   n'hiti\'cly  high  rottt.  ami  the  tv  ,{ 

.slag-rojLstinK  thi>  I(>a<l  on>  with  a*l<liti<>ii  of  l):irn-ii  >ilir<i.  iti('iv;t.Mii>4  the 
funiaoc  Ixinlcii  aii«l  leaihng  t«i  iiicvital*le  high  lo.ss  of  lca<l. 

In  iSit.'t  the  ru|M>la  ftirnaeefl  in  umc  in  Houthriuitern  MiAHotiri  were 
fn>in  4*>  ill.  <li:ktn(>t4>r  (Mine  la  Moiti*)  to  .V)  in.  diarneter  (St.  .)os4>|th  I>ea<l 
Co.).  The  JHiuht  fn»m  Hiyerrvs  !«•  «harge  «l«M»r  wju*  12  t4i  is  ft.  The 
fumaecfl  were  \vater-jaekete«l,  run  with  eloHOiI  hreant,  ami  .siphon  lead- 
tap.  .\t  the  t«»p  the  furiKwi^  tiTiniiialed  in  a  liriek  Ktaek,  roriirimnly 
without  <«»nMe«tioii  to  a  tlu.«*t-<>haiiiUT.  .\  IS-in.  furiiaee  would  u.-^ually 
put  through  10  to  'Ai  toas  of  charge  |>er  21  hours,  prtNlucing  alwiut  IS 
tons  of  lead.  Hljist  w:i.s  .su|)plied  l»y  Maker  or  K<M»t.s'  blowers  at  alxuil 
8  UT..  presfiuri'. 

The  ore  wjw  rojustoti  in  rDverl>eratory  furnace.**  with  hearth  II  ."il 
ft.  to  11  X.')')  ft.,  silica  lieiiig  addi'd  to  .^erve  tis  arid  flu\  in  .'^laggiiiy  the 
ore.  Such  furnaces  put  thmugh  from  five  tons  of  ore  i)er  21  hours, 
desulphuri/ing  it  to  3.5%  S  (llonne  Terre),  to  eight  toas  |)er  24  hours, 
desulphurizing  it  to  \  to  fi'",'  S  (Mine  la  Motte).0.4  to  0. o  cord  of  wimhI 
lnMUg  re«piired  jn'r  t«»n  of  on*  and  tin-  lalx.r  uf  thre<'  to  four  men  [kt 
12-hour  shift. 

The  comparative  cost  of  smelt wii:  liy  tlillerent  mctlmds  in  ISIKJ  w;is 
rpi»»»rted  ;is  fallows : ' 

.Air  furnace:   I'er  charm*  "f   ]'AH)  ll».  of  on*,  one  smelter  SL.'Vi 
hel|H'r   $l..'t(),  one  half   mu.stalM.ut    $().'>.'».  and   O.J.'i  cnrd    «»f   wood.  $l..'.4). 
totid,  $4.S')       S4i.27  per  ton  of  ore. 

Scotch  hearth:  I'er  charge  of  '.WAH)  lb.  of  ore,  one  smelter,  $2.'»().  «»ne 
iM'ljier.  $2.  one  engineer.  $2. .'»(),  «ine  mu.stalMmt.  $1,  one  cord  «>f  w«mh|.  $2, 

five  bushels  of  chunoal.  S()  10.  u I  l.illit^.  $<).  JO.  t..t.d.  $10.."^!       $7.vs 

per  ton  of  ore. 

('u|M)la  furnace:  UicL-^ting  urc.  §J.t»<i.  rii;L.->ting  matt*-.  SO.  II.  .'^nicltmg. 

fl.Tti.   refining,  $0.'2().  c<»ke,   $l)\H).  Ilu\    $1()7     \\ 1.   $1   is.  niiair-    and 

supplies,  Sl.lK,  Uital.  $<Mil. 

The  only  contribution  of  great  practj<  al  vaha-  m  the  metallurgy  <>f 
lead  that  Iuls  come  fnun  the  praetice  in  .\li.<<s«»uri  luis  Uhmi  the  adapta- 
tion of  the  8ystem  of  filtering  fume  thmugh  cloth,  employed  fn>m  a  eoni- 
pamtively  early  time  in  the  metalltirgy  nf  zinc.     This  w.'is  «lue  to  Kyre 

'  J.  D.  Rolterimn.  Ilrport  <»f  MiAMturi  Cintlnciral  Sxtrvry,  VII,  ii,  p.  41M.  Th««» 
fijjurr^  .iTv  n(i<tlf*a<iinK  without  fiirth«T  ••\|>lniuitiiin.  n>r  fiipimi  for  the  Scotch  honrth 
plant  :\v  I.  »M-.i  on  n  hiii«|c  funuiri".  Imt  the  r«»«t  \trT  ton  «•(  om  wixikl  oltviouoly  l»r  con- 
•«i«|i'n»My  lowi-r  in  n  plniit  of  Uw  (itrt\ni»'*,  which  «oiili|  \<r  nm  "r 

mwt  for  |M>M«T      Ali«>  in  tin*  runrn  of  Imtli  llw  air  funwm  and  ."~-  "I 

of  n^Miirlliiiit  tlH*  itrmy  iJax  ii*  *Unrtf(nt\\t^\ 
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O.  Bartlett,  who  had  previously  been  enframed  in  the  manufacture  of  zinc 
oxide  in  the  East,  and  in  connection  witii  G.  T.  Lewis  of  Pliihidelphia 
patented  a  process  for  the  direct  manufacture  of  white  lead  direct  from 
the  ore  in  an  analop;ous  manner.  This  was  applied  at  the  Lone  Elm 
smeltery  at  Joplin,  xMo.,  in  LS7S. 

The  success  of  this  system  of  fume  filtration  led  very  soon  to  its  trial 
by  one  of  the  silver-lead  smelters  of  Colorado,  but  it  did  not  find  any 
important  application  there  until  the  Globe  works  were  erected  in  Denver 
in  1887.  It  has  continued  in  use  at  those  works,  also  at  East  Helena, 
Mont.,  and  a  system  based  on  the  same  principles  has  been  used  at  the 


Elcvaliou 

Load-smolting  Furnace  with  Bag-filter,  as  first  tried  at  Leadville,  Colo. 

works  at  Omaha,  Xeb.,  but  otherwise  cloth-filtration  did  not  find  favor 
in  the  eyes  of  the  silver-lead  smelters,  the  later  plants  being  provided 
only  with  settling  fines,  until  1907,  when  attention  was  redirected  to  the 
advantages  of  the  bag  house.  However,  in  the  case  of  the  smelting  of  the 
non-argentiferous  ores  of  the  Mississippi  Valley  the  conditions  are  differ- 
ent. Nevertheless,  although  cloth  filtration  continued  in  regular  use  at 
Joplin,  it  did  not  find  any  other  application  until  a  plant  was  erected  by 
the  Missouri  Smelting  Co.,  at  Cheltenham,  St.  Louis,  late  in  the  nineties. 
Then  it  began  to  be  appreciated  that  the  combination  of  the  Scotch 
hearth  and  bag  house  was  an  improvement  of  the  highest  order  in  the 
smelting  of  non-argentiferous,  high-grade  galena,  and  two  large  plants 


.MriAiMHcv  m 

whirh  \u\w  l»oon  ororto«l  nonr  St.  F>»uis  since  VM)\  havo  Um-ii  «l(f«ii;nr«l 
arconlinK  to  that  systnii.  tlio  rfl'uifiu-v  of  whirh  has  Ihh'H  pn»v«M|  t4»  U* 
8<)  hinh  that  |>n»l»al)ly  it  rann«»t  U*  .siirp:Lss4>(l  ovni  l»y  thi-  hiiif-nnLsliii); 
prorojwos,  whirh  iit  Kunn>e  havr  lar^rly  tli.HphircM|  all  othrr  iiH*th«Hlj4  of 
sMU'ltin^  pra<tis<M|  then'. 

TIm'  Ixno  l!lm  works  wcn»  starti-il  in  Isus,  stni-ltiii^  with  S<oi<h 
hearths.  In  IS7S  an  output  of  712  tons  of  white  lead  wjls  nnnle.  and 
this  hsLs  Ikmmi  continued  on  a  penenilly  increa.'^inK  scale  ever  sinco.  hut 
it  w:is  only  after  a  lon^  series  (»f  costly  evjxrinients  that  the  proctvns  w:m 
|>t«rfeeted  and  a  pi;;inent  of  de.siral)le  (piality  pnMJuci'd.  The  works  are 
now  owned  and  o|¥«rated  l>y  the   I'icher  li<'a«l  Co. 

In  the  I>«>wis  iV  Martl«-tt  proco.ss  the  ort»  is  snielt<'d  in  a  douhle  Scotch 
hearth,  with  two' lead  wolls.  each  4Sx2'JxlO  in.,  <»(x'rated  fnun  op|M>sit« 
si»Ies  of  the  furnace.  .Mmjvc  the  lead  wells  there  are  c:t><t-iron  j:icket«. 
in  which  the  air-ltla.»t  is  pn-heated.  suNstantially  jls  in  the  Ko.ssie  furnace. 
In  this  ca.*<e  the  object  is  to  volatilize  lead,  and  the  h<»tt<'r  the  fire  the 
njore  fume  is  pn>duced  and  also  the  more  is  the  quantity  of  ore  that  can 
Ik>  smelted.  The  fume  is  hlown  into  a  she<'t-in»n  ho«»d.  whi<'h  comnmni- 
cates  with  a  dust-settling  chan>l)er,  whence  it  Is  drawn  through  sheet- 
imn  pi|>es  of  sufficient  radiating  surface  to  reduce*  the  tem|)erature  to 
the  |«.int  at  which  it  can  Ik'  safely  lilti-red  through  wuoU-n  l»a^s. 

The  double  furnace  smelt.s  24  t«»ius  of  ore  })er  24  hotirs  in  sununer, 
and  'M)  tons  in  winter,  with  the  lalM)r  of  12  men  (three  shifts,  4  men  \n'r 
shift)  and  the  consum)>tion  of  l(i<)  li>.  <»f  coal  anti  40  1)>.  of  lime  |N>r  2(NN) 
Ih.  of  ore.  In  smelting  ore  containing;  73%  of  lead,  alniut  two-thinls 
is  won  inunediately  :i.s  pij;  load,  the  remainder  poin^  into  the  Kray  slap 
and  the  Hue  dust  an«l  the  fume.  The  ^ray  sla^  amounts  in  round  figures 
t4»  20%  of  the  weight  of  the  «»re.  the  flue  dust  to  10' ,'  and  the  fume  to 
25'",'.  The  fume  is  collected  by  lilterinn  throtij;h  bajrs  <»f  unw:ished  W(m)I. 
alKiut  IS  in.  in  diameter  and  '.I'i  ft.  in  lcn>:th.  .I'Ah)  .s<|.  ft.  «»f  cloth  area 
lieing  HUpplie<l  |N'r  t4)n  of  ore  smelte<l.  In  the  collection  of  zinc  oxide 
bap*  of  unbleached  nuislin  an*  emphiyed.  but  in  filt4»rinK  the  ^:us  from 
burning  galena  or  other  sulphides,  the  sulphur  trioxide  in  it  .s»M»n  <lestn»ys 
eotton.  It  w:v8  found  after  exteitsivc  exjierimcntinn  that  w«uil.  with 
the  natural  Kre:iso  of  the  sheep  in  it,  was  not  .s«»  much  afTe<'teil.  The 
fume,  or  "blue  |)«»w<ler."  is  shaken  |ieriodically  otit  «d  the  baj;s  into  she«'t- 
inin  hopperw,  whence  it  Is  renioved  to  heajis  on  the  Kn>und  and  ignited, 
burning  in  aUmt  10  hours  to  a  pinkish-white.  c«>herent  cnist,  fn^*  fmm 
all  carlHinaceous  matt<*r  and  sul|>hitle  of  lead. 

The  burned  fume  is  sn)elte<l  together  with  the  gray  slag  and  flue  du«t 
from  the  hearths  an«l  a  little  oxidi7.4Ml  ore  and  fluxes  in  a  shaft  furnace 
called  the  "slag  eye."  This  is  a  n«ctangular  britk  shaft  with  jierpen- 
dicular  sid«>H,  24X24  in.  in  hitrizontal  .section  and  ()  ft.  in  height,  theehargc 
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door  bcin2:  only  4  ft.  above  tlio  bottom  of  the  furnace.  There  arctwo 
rows  of  tuyeres,  one  at  the  bottom  of  the  furnace  and  the  other  just  below 
the  charge  door.  The  tuyeres  pass  through  small  water-jackets.  The 
top  of  the  furnace  communicates  with  a  large  sheet-iron  fine.  This  fur- 
nace is  a  modification  of  the  slag-hearth  previously  described. 

Connellsville  coke  is  used  as  fuel.  The  furnace  is  run  very  hot,  the 
object  being  to  volatilize  as  much  as  possible  of  the  lead.  However,  a 
certain  portion  is  unavoidably  reduced.  This  flows  together  with  the 
slag  into  an  outside  settler.  An  average  daily  charge  for  one  of  these 
furnaces  was  2S00  lb.  of  gray  slag.  1000  11).  of  blue  ixnvder,  GOO  lb.  of 
oxidized  ore,  and  450  11).  of  im))ure  fume.  The  furnace  was  managed 
by  a  crew  of  three  men.  working  eight  hours,  or  nine  men  per  24  hours. 
The  lead  produced  in  this  smelting  was  quite  imi)ure,  and  the  slag 
although  coasitlered  poor  enough  to  discard  was  still  rather  rich  in  lead. 
The  pigment  product  of  two  furnaces  w'as  8500  lb.  per  day  on  the  average. 
The  furnaces  could  be  run  only  L5  to  30  days,  wdien  it  became  necessary 
to  stoj)  for  repairs.  The  l)last  for  the  two  slag-eyes  and  the  hearth  was 
supplied  by  two  Xo.  5  liaker  blowers. 

The  daily  cost  of  running  the  works,  smelting  24  tons  of  ore,  in  1884 
was  as  folhjws :  ^ 

12  smelters  at  heartli  furnace  at  .?2 $24.00 

5  extra  men  at  $1  .oO    7.50 

2  paint  packers  at  ?().2.)  i)er  1)1)1.  at  §1.25   8.50 

3  engineers  at  $1.75    5.25 

1  teamster  at  $1.50 1.50 

2  foremen  at  $2.50    5.00 

12  smelters  at  slag-eye  at  $2 24.00 

.3  yard  men  at  $1.50 4.50 

5  e.vtra  men  at  $1 .50    .                   7.50 

Total  labor $87.75 

48  pecks  of  lime  at  $0.05   $  2.40 

48  biLshels  of  coal  at  $0.07 3.60 

2880  lb.  of  coke  at  .$8.15      11.75 

10  liu.shels  of  eharcoal  at  $0.10 1.00 

2.5  tons  of  steam  coal  at  $1  .S7 4.75 

General  expenses 13.75 

Total $l2570O 

The  above  shows  a  smelting  cost  of  S5.20  per  ton  of  ore.  In  an  ex- 
perimental run  on  2S.6G2  toas  of  ore  there  was  produced  25,549  lb.  of 
lead  in  the  hearth,  8798  lb.  in  the  slag-eye,  14,.387  lb.  of  j^aint,  and  4030 
lb.  of  .slag  to  he  thrown  away.  The  lead  content  of  the  original  ore  being 
undetermined,  the  percentage  of  extraction  cannot  be  reckoned.  The 
cost  of  production  was  as  follows: 

>  Dewey,  Trans.   Am.   Inst.  Min.   Eng.,   XVIII. 
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opp  cmt   ?i  ,nw  as 

Frt'iKht  oil  wintf  Inid  at  $().45  prr  KM)  Ih.  (VI  :>| 

Frriiclit  on  pig  Icml  to  St.  IaxiIn  nt  |4)  '.'4  vi  t».< 

Sritiiit;  <-oiniiiiH.-<ioii  mi  |iii;  Iriul  nt  l''|.   .  1.' 'il 

S*lliii»:  roimni'vHiitii  on  whitr  U-iu\  nt  2.5*'J,  I'J  .V{ 
Koy«lty  on  |Mil«-ntM.  J  o.  jut  II>.  . 

SiiH>ltin>;  cost.  $,'i.')l  jwr  ton    .  i          . 

Total  $r^7u.n 

Tlir  I>i*\vis  iV  Bartlrtt  process  is  of  s|>»'(i;il  iiit4'n'st  Ix'catiso  it  l«'i|  »li- 
rp<"tly  to  tin*  :i|)|tli(Mtiou  nf  the  liay-system  of  fume  filtration  to  the  S-otih 
hearth  furiiact's  niii  for  the  pnxliKtion  of  pi^  load,  and  not  at  all  for  pi^- 
niont.  atui  t<>  the  larjjo  liht'^t  furnatcs  ns<M|  in  silvor-U'a<l  smi'ltinn  iti  tlu" 
far  Wt'st.  in  Inith  cjusos  cnal»linK  a  liij^licr  extraction  of  nn'tai  t<»  U« 
mndo.  and  in  partictilar  making  <»f  tlic  S<'ot<li  lioartli  inctliod  of  snu-lt- 
inR  a  hii^lily  fHiciont  pmci'ss.  wliicli  prrviously  it  was  not,  its  chief 
def«*(t  U'inj;  in  the  larRe  loss  of  nn'tal  in  cjust  and  funic. 

In  l'.K)l  there  were  in  operation  in  the  Joplin  district  three  plant.s 
employing  S<-otch  hearths,  viz..  one  at  (Jalena.  Kan.,  one  at  (^Iranlty.  .Mo., 
and  one  at  Joplin.  .Mo.  In  .sonthcastern  .Mi.ssouri,  the  .Mine  la  .Motte, 
Central  Iiea<l  Co..  an<l  St.  .lo.seph  I.«ad  Co.  had  each  a  rojLst-reducti<in, 
hhist-furnace  plant;  the  l)<'slonc  CoiLsolidatc«l  Ix*ad  Co.  ha«l  n'verlieratory 
furnaces;  some  of  the  sn)allcr  concenu<  ha<l  S<()t<h  hearths  and  air  fur- 
naces. At  St.  liOULs,  the  .Mi.s.souri  Sineltin^  Co.  had  a  S<'otch  hearth  and 
hag  hotise  plant.  The  St.  I>»uis  Snicltitif;  and  Kefininn  Co.  had  a  hhist- 
furnacc  plant,  eniployinn  the  precipitation  jirocc-vs.  The  I'cnnsylvania 
Smelting  Co..  at  I'ittshurp.  l*enn.,  smelt inj;  ore  fn»m  southeastern  MLs.>«iurJ, 
al.Ho  had  a  hhist-furnace  plant,  emphtyin^  the  precipitatioti  pnicess. 
I')conomi«'ally  the  various  proce.»vS4's  in  their  U'tter  developmeiiLs  were 
applied  nn  sulistantially  etpial  U'rms;  there  was  no  striking  advant:igc 
in  any  one.  Alxiut  thb*  time,  however,  it  U'gan  to  1k«  n-ali/t'd  that  it 
was  more  economical  to  carry  the  «»re  from  the  .southe:L>^t«'rn  .Mi.s.souri 
dlHtriclM  t<>  St.  I^miIh,  for  smelting,  than  to  smelt  it  «Iirectly  at  or  near 
the  mines,  the  fn-ight  rates  on  a  t«in  of  ore  aiul  the  pig  le:id  derived  fmrn 
a  t«in  of  ore  U'ing  sulistantially  the  same,  while  in  smelting  at  the  miin»s 
it  was  necessary  to  ship  the  coke  and  iron  flux  from  St.  I>uii8.  In  smelt- 
ing at  or  near  St.  I>«»tib<  con.s<'<jUcntly  it  was  possiMe  to  save  sul>st:in- 
tially  all  the  freight  on  coke  aixl  inm  flux  n*<piired  in  the  smelting, 
liesides  which  there  were  the  other  advant^iges  in  obtaining  lalmr,  sti|>- 
plies,  etr.,  marketing  the  pmduct,  etc..  which  result  fmm  proximity  to 
a  large  city.  In  con.s<'(pience  of  the  appre<iation  of  those  conditions, 
the  new  smelting  plants  which  have  l)ecn  erecte<I  since  1*.X)1  fi>r  the 
reduction  of  .Houthe.-istern  Mis,s<niri  lead  ore  have  lieon  entahlished  near 
St.  I/nns.  The  Tederal  Ix>a<l  Co.  erected  a  large  plant  at  .Alton.  III., 
and  the  St.  I>ouut  Smelting  and  Kefming  Co.  built  at  Collinsville.  III. 
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In  both  of  the  above  jilants.  the  Scotch  hearth  and  I)a,<i;  house  system 
of  snieltinf]:  was  adopted,  nieclianioal  appliances  for  liandUng  the  ore, 
fluxes,  and  furnace  pnxhu-ts  were  extensively  introduced,  the  size  of  the 
plants  was  greater  than  anything  of  the  same  character  previously  erectetl 
in  the  I'nited  States,  and  by  virtue  of  these  improvements  the  Scotch 
hearth  and  l)ag  house  system  of  smelting  became  undoubtedly  the  most 
economical  method  for  the  treatment  of  non-argentiferous  galenas  of 
high  grade  in  leail. 

In  the  practice  of  1901  the  roast-reduction  method  of  smelting  was 
best  exemplified  at  tiie  works  of  the  St.  Joseph  Lead  Co.,  at  Herculaneum, 
on  the  Mississippi  River,  about  thirty  miles  south  of  St.  Louis.  These 
works  were  not  only  the  largest  in  use  for  the  smelting  of  galena  con- 
centrates in  the  Mississippi  Valley,  but  also  they  were  the  most  complete 
and  best  constructed,  being  indeed  the  only  works  in  the  Mississippi 
Valle}'  which  in  points  of  design  and  construction  were  in  any  way  anal- 
ogous to  the  large  smelteries  of  the  far  West. 

The  ore  was  slag-roasted  in  reverberatory  furnaces  of  the  dimensions 
previously  described,  8000  to  9000  lb.  of  ore  being  burned  down  to  3  to  5% 
sulphur  in  24  hours,  with  the  labor  of  two  men  per  shift  of  12  hours,  the 
rate  of  wages  being  SI. 60. 

The  smelting  was  done  in  three  circular  furnaces,  48  in.  in  diameter 
at  the  tuyeres  and  GO  in.  in  diameter  at  the  top,  and  one  rectangular 
furnace,  42X100  in.,  all  of  the  furnaces  being  12  ft.  in  height  from  the 
tuyeres  to  the  charge  door.  Each  furnace  was  directly  connected  with 
a  No.  5^  Baker  blower,  blast  pressure  12  to  IG  oz.  Furnaces  terminated 
at  the  top  with  a  chimney;  no  dust  chambers.  Furnaces  operated  with 
closed  breasts,  and  siphon  lead-taps.  The  lead  ran  continuously  from 
the  wells  into  a  spherical  cast-iron  pot  where  it  was  skimmed,  the  clean 
pigs  and  the  dross  being  subsequently  liquated  separately.  The  ore 
smelted  contained  a  small  proportion  of  nickel  and  cobalt,  which  con- 
centrated in  the  drosses  and  liquidation  residues,  these  being  subjected 
to  a  further  smelting  process,  wherein  the  nickel  and  cobalt  were  con- 
centrated into  a  matte. 

The  furnace  charge  consisted  of  three  parts  slagged  ore,  one  part  gray 
slag  from  other  works,  1.25  part  of  iron  cinder  and  one  part  of  roasted 
matte.  Owing  to  the  comparatively  low  basic  excess  of  the  iron  flux, 
it  would  have  been  most  economical  to  make  a  slag  rather  high  in  silica 
and  rather  low  in  protoxide  of  iron,  but  on  the  other  hand,  it  was  desirable 
to  produce  a  slag  of  low  melting  point,  since  otherwise  a  more  impure 
pig  lead  would  result.  The  lead  produced  by  the  blast  furnaces  generally 
contained  about  0.2%  copper  which  was  reduced  to  0.02%  by  liquating 
on  a  sloping  cast-iron  hearth  with  perforated  holes,  from  which  the  molten 
lead  was   conducted   into  a   30-ton  kettle  wherein  it  was  steamed  from 
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1^  tn  '2  lioiirx.  The  rinular  lihu^t  furiim't'M  Hincltcd  XT)  to  rjf)  (<iiu<  of  rliuni^ 
\wr  tiny,  thr  nM-taiiKular  fiirnarr  aUmt  S()  t«iim  |iur  day.  Tin;  |>nKj(i('tinn 
of  matt«»  \v:ls  aUmt  20'  ,  of  the  wcinlil  ui  the  nn*.  TIm»  fiiritt*-  wm-  r»»tct«««! 
in  a  IVan*e  UMM-haniral  ftirna<('. 

The  f»iriia«c»  rrcw  for  iho  ••iniilar  fiiriwuj's  \v;i.>  <'ii«  <nii-.i  ;it  .>i  -i, 
two  charm"  whi'i'h'rs  at  $I.r>(),  oiu«  ta|i|H'r  at  $I.'.M).  our  lra<l  inoiiliirr  at 
Sl./it),  aii<l  our  shi^  fiot  puller  at  $I.(iO  |ier  12-hoiir  shift,  the  total  laJMir 
r«if*t  i>er  '1\  hour?*  U-in^  $20.:i().  The  rn'W  of  the  lan:«'  furnace  jter  12- 
liour  shift  c«»n»|>ris4Ml  two  char^erx.  four  charm*  wIm'^'I'T^.  "Uf  t:«j»|¥T. 
two  lea«l  niouhlers  aiul  tw«»  fxit  pullerx. 

The  reverlH'rat<»ry  fiirnaces  in  use  at  the  iH-io-.-  %miik-.  jm-iniii 
no  ureat  novelties  fn)in  pri'vious  practice,  save  in  their  <'onstniction, 
whi<-h  appro\in>ate«l  that  of  the  furnac«'s  employed  at  Tarnowitz,  I'niK*«iu. 
In  heartli  an'a  they  were  1 1  X  10  ft.,  w  ith  grates  of  W  XS  ft.  Three  charjics 
of  .'i,')4M)  II).  ea<h  were  smelted  |»er  21  hoiirs.  each  furnace  l)ein^  manned 
by  one  smelter  and  (»ne  hel|¥'r  |H'r  S-hour  shift.  The  eo|t^umption  of  coal 
wjus  D.S  to  0.11  t«»n  |¥'r  t«»n  of  on*.  The  cost  <»f  .smelting  on  the  Ikuslh  of 
live  fjirnaces  in  o|K'ration,  treating  23  tons  of  ore  jjer  24  hours,  was 
appniximately  sls  follows: 

I  foHMnnn  nt  $.'{  $  .'{ (IT) 

l.'i  siiH'!t4T?t  nt  f  1  7.') 

I.'l   llfl|MTS   lit    II    .'>.)       . 

I  iiIikkIiii);  A'  .*>  tmiH  ntiil 
l.4iiii|iii);  \\  loiit  |fa<i 
l^kiitliaj;  7  toiM  hKhc 

r  •  ■'  '■'-■' 

Kliixctt  mill  Mi|i|>lii-!t 
i{«*|HtirH  iiikI  rvnoWMlii 

T-i..!  MJ..  To 

Jiii->   :;iN«"s    ;i   (<i^i    III    aiMMii    ■>. I    |nr    i'Mi   <'l    <'ir,  cxi'm^nc  "i    tin-   cn^t    of 

rrjtmeltinj?  the  gniy  "lasr.  which  womM  ri»mo  to  $|  ,'»<>  $2  addif iofjnl  per 
Ion  of  raw  ore. 

In    the    smelling    "i    "ir    •  I'liiiimmi:     i'>     ,      ir.'i'i    ;it     iH'*i<>m-.    .irxiut     7 «   .  ,^ 

of  the  metal  cont«*nt.s  of  the  on*  were  o)i(aine<|  din*ctly  jim  pig  lead.  The 
pr^uiuetion  of  gray  sl.ag.  :u<sayinK  .'IS'",'  leatl.  wju*  approximately  in  the 
nilio  of  ().2.'>  ton  |>er  t«»n  of  orv  smelted.  In  thr  -  '  -in  of  thi.H  jtln^t 
in  the  l»l:ust  furnace. 'J/)^,'   of  the  lead  could  l»e  i.  giving  a  t«»tal 

extraction  of  aliout  91' ,'  of  the  lead  «»f  the  original  orr.  Thij*  |ierrontn|!P 
miuht  have  U><mi  con.Hii|end>ly  incrraM»d  l»y  tlie  prtni.'»ion  of  means  for 
collecting  the  diu*t  and  ftune  from  the  ftirnacT?*.  in  which  the  njaj<»r  part 
of  the  \om  wan  suffered. 
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In  the  Scotch  hearth  practice  of  1901  the  furnacec  were  30x22  in., 
with  four  one-inch  tuyeres.  The  blast  was  supplied  by  a  Sturtevant 
fan,  at  about  5  oz.  j)ressurc.  With  three  shifts  of  two  men  each,  such 
a  furnace  would  smelt  10,500  lb.  of  ore  per  24  hours.  In  treating  ore 
containing  70%  lead,  the  production  of  gray  slag  is  about  the  same  as 
in  the  reverberatory  furnace,  but  the  direct  yield  of  ])ig  lead  is  rather 
less,  the  loss  of  metal  in  dust  and  fume  being  greater,  the  loss  in  fiune 
amounting  to  12  to  15%. 

The  cost  of  operating  a  jilant  of  five  hearths,  smelting  25  tons  of  ore 
per  day,  was  approximately  as  follows: 

1  superintendent  at  $-4   .?  4.00 

2  foremen  at  $2.50    5.00 

2  engineers  at  .?2.0() 4.00 

15  smelters  at  .?1.75    28.25 

15  helpers  at  $1.50    22.50 

5  charge  wheelers  at  $1.50 7.50 

4  yard  men  at  $1.50 6.00 

Total  labor  $75.25 

2250  lb.  charcoal  at  $0.03    6.75 

1.5  ton  steam  coal  at  SI. 10 1.65 

Supplies    1.50 

Repairs  and  renewals 5.00 

Total Tools 

This  gives  a  cost  of  about  $3.60  per  ton  of  ore,  exclusive  of  the  cost 
of  resmelting  the  gray  slag,  dust,  and  fume.  Estimating  the  proportion 
of  slag,  dust,  and  fume  at  25%,  10%,  and  20%  respectively,  the  total 
cost  of  treatment  was  approximately  as  follows: 

Smelting  in  hearth  $3.60 

Collection  of  fume .25 

Briquetting  0.1  ton  dust .05 

Smelting  0.45  ton  slag,  dust  and  fume  at  $6.00 2.70 

Total $6.60 

The  comparative  cost  of  smelting  and  the  recovery  of  lead  by  the 
different  methods  was  approximately  as  follows: 

Method                                                 Cost  per  ton  Extraction 

Reverberatory $7.00  91-92% 

Scotch  hearth 6.60  98% 

Cupola 6.00  90% 

The  smelting  results  at  the  Petrreus  smelting  works  at  Galena,  Kan., 
in  1907,  were  reported  as  follows:^ 

The  equipment  of  the  plant  consists  of  four  single  jumbo  Scotch  fur- 

•  D.  Brittain,  Engineering  and  Mining  Journal,  Nov.  9,  1907. 
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nurt-^.  a  l»i;i>t  lunincr.  Ii.i^  pmhii  (I(K)x(iS  ft.),  cdritnininK  'i^'  \>ai:s  ;>') 
ft.  Inn^  and  0  ft.  in  «irniti»fi'n'm<'.  iiunle  of  n»tt«»ij  rlntli  nf  41  tliri'aiU 
to  the  iiirli  lM)th  ways.  The  rimntc  for  a  lioarth  iii(*|iiiU>.>s:  7000  Ih.  Knlciiu 
on,  Olio  l)ii.xh(*l  .stone  coal  (Kansas),  one  Imslu-I  lime.  The  ttrc  a-ssavK 
fn»in  77  lo  S'J'  , .  A  rharne  i>  stnrlled  l)y  two  men  in  H«?ven  hours,  three 
MhiftM  |K>r  <lay  In'inK  worked.  The  hhtst  ftirnaeo  tukcM  Kiil^'O^it  carlxitiuto 
ore,  Jjray  shiii  fn>m  the  hearths,  and  l»hic  fume. 

l*'ifte<M»  <'harues  of  the  l»hist  furnace  include:  <Ialena.  l.'i.OOO  II. 
2100;  Kray  slag.  (MHM);  Iduc  fume.  T'AH):  carlMmates.  'i<K):  "ilhIich,"  l/iOO: 
Mark  slair.  l.'i.OOO;  cast  iron.  (MM);  .soft  iron.  (MM);  in»n  cinderx,  .'MM);  and  tin 
cans,  (MM)  II).  The  "ashes"  entering  into  the  charne  are  the  cnarn^r  par- 
ticlcs  of  l»lue  fume  which  .settle  in  the  dust  (lue  U'fore  reacfniijj  the  suction 
fan.  The  Mack  sla^  cotnes  from  the  hiast  furn.ire.  The  Mast  furn;ice 
operates  ei^ht  hours  [ler  day. 

The  average  pn>i)ortions  of  lead  in  the  materials  .smelte«l  arc  iis  folloWH: 
(•alona.  77  to  S'J'",';  carlwuiates.  72;  ^ra'.     '        •?•");  Mue  fuiin     7 J  *     7' 
"lushes,"  'A\;  and  Mack  slaj;.  0.7','. 

The  smelt<'rs  are  re(niire<l  to  produce  on  the  hearths  pij;  lea«l  amount- 
inj;  to  IM)'",'  of  the  ore  and  fnim  the  15  charges  of  the  l»last  furna«e  1 1. MO 
II).  of  piji  leail.  or  '25.7'','. 

The  hiack  slag  contains:  Silica.  "J'J  to  'JS' j  ;  lime.  'JO  to  24;  iron,  24; 
zinc.  7;  Iea<1.0.7;  and  other  constituents.  1(>..'{  to  J(i..)  '  ,' .  The  cray  slaj: 
contains:  I>ead,  .'i*)'',' ;  in)n.  I.(i7','. 

The  men  re<|uinMl  at  ea<h  hearth  arc:  two  smelters,  paid  $2.'J0  [ler 
7(MM)  II).  of  ons  smelted;  one  yard  man  and  one  moiilder.  ea<'h  n'ceivinj: 
$1.('m  |)er  7(MM)  ll>.  of  ore.  The  hlast  furnace  n'<juin*s  one  fe<'dcr.  at  $2. •'>(»: 
one  tapjx'r,  $2.2');  and  four  yard  men.  $l.tM)  |««r  ei^ht  h«»ur> 

The  lead  fn)m  the  hearths  and  blast  furnace  is  mouhled  int«>  yv^^  awi 
nMnelt«M|  in  a  refining  kettle  of  IMMM)  Ih.  <'apacity  in  which  it  is  retined 
l»y  ijoling.  The  smoke  fn)m  the  hearths  and  hhust  furnace  Ls  dniw-n  l>y 
a  (K)-in.  fan  thn)Uj;h  a  (lue  S(M)  ft.  lonj:,  (i  X  I  ft.  in  the  <lear.  into  the  hag 
room  when'  the  fume  acctnnulates.  It  is  jieriodically  ignited  after  Uitr^* 
shaken  fn>m  the  ha^H  to  the  fl<Hir. 

AlM)ut  1S70  IS73  there  wen-  five  ."iIvit  smelting  .'ind  refining  whtk^ 
in  and  near  the  city  of  Chicago  at  which  a  ^inmI  deal  of  on>  (n)m  the 
Kmma  mine  in  I'tah  and  .small  quantities  of  Colorndo  nrc  were  8inelted. 
The  Knuna  ore  w:us  a  fernifrinous  mixture  of  rarUmatc  and  oxide  of  lead, 
with  nodules  of  f;alena,  iind  silicious  gaiiKue.  Its  com|Misition  wn.s 
appmximately  41^J  silion.  34*'i  load,  3.5%  imn,  nnd  2  to  IV ',  sulphur.  It 
w.'us  smelted  in  reverlioratory  furnaces,  witli  admixture  of  lime  ami 
fluorspar  jls  flux(»s  and  in)n  l>orinns  to  «li>com|M),se  the  lead  sulphide.  A 
furnace  charge.  dej<cril>e<I  by  .lo*M>ph  L.  .lernepan.*  romprLscd  in  24  hours 
'  Tmnii   Am    Iiwt    o{  Min    Kfvr ,  It.  p.  '279. 
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6oS0  lb.  of  pjimiu  ore,  1500  of  dross  and  646  of  litharge,  a  total  of  8526 
ol  lead-bcarin<z;  material,  with  oOO  lb.  of  lime,  !)()()  of  fluorsjiar,  and  900 
of  iron  borings.     This  was  treated   in  six  charges. 

The  slag  was  fii.scd  so  that  it  could  be  tapi)ed  off  from  the  furnace 
in  liquid  state,  separation  from  the  lead  being  effected  outside  of  the 
furnace.     Rich  slags  were  resmelted  in  a  slag  hearth. 

This  method  of  smelting  was  inefficient  both  in  respect  to  operating 
cost  and  extraction  of  metal,  and  about  1873  the  reverberatories  were 
displaced  by  blast  furnaces  at  two  of  the  works  and  soon  afterward 
became  obsolete  in  all  of  them. 


I\ 
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ALTiinr<;ii  tlio  it'fiiiiiiK  i»f  Icatl  is  tccliniratly  a  part  of  it.s  metalhirny, 
ittf  piiriKKsc  is  t4)  put  tlu'  mule  mrtal  into  inark('tal>U*  form,  ami  ith  iiietliodH 
arc  tlirtTtrtl  to  tlu*  protluction  df  urades  wliiclj  tlu'  markrt  n'«jiiirfH.  It 
in  pt'iHTally  iH'rforuMMl  at  inark«'t  <'<'Mtt'P<,  rallirr  than  at  tin-  [xiint.s  of 
oriKin  «»f  the  criulr  Ioa«l.  It  has  apiK'anMl.  thon-fon*.  most  useful  in  this 
study  to  (lisru.><s  the  n>finin^,  marketing,  ami  uses  of  the  metal  in  ()ne 
chapter. 

Hkki.\in(5 

The  refininj;  of  lead  r<»mprLH<\s  the  removal  of  all  «>ther  metals  so  far 
a."  is  i)ra(tiral)le.  The  process  of  separating  Hold  and  silver  Is  technirally 
known  :u<  "desilverizing.  "  and  in  the  refining  «»f  aruentifemus  lead  the 
treatment  is  l»:ised  es|XMially  Ufxin  the  complete  separation  of  the  pre<ious 
metals.  Incidentally,  the  same  mearu><  that  nrv  employe*!  for  the  se|>- 
anition  •»f  the  pild  and  silver  remove  deleterious  impurities  and  afTonl 
a  hif;her  (piality  of  lead  than  Is  ordinarily  |)n»du<'ed  fn>m  non-an;entif- 
cn»u.s  ore.  In  the  refining  «)f  non-arKentifen»us  lea<l  <»nly  the  renioval 
of  such  impurities  :us  arseni<\  antimony,  and  copjier  h:is  to  l>o  considerctl. 

In  the  art  of  desilverizinj:  arnentifen>us  lea«l.  the  ancient  process  of 
eufiellation  had  pra<tically  none  out  of  use  ami  the  Pattinson  pn>crss 
w:is  rapidly  Uinn  <lisplaceil  Ity  the  I'.arkes  procc»ss  at  the  time  when  silver- 
lead  l)rf;nn  to  Ik*  pn>duce«I  in  the  Tnited  States.  In  ls7l  there  wenp 
two  im|Mirtant  n-fineries  in  the  I'nited  States,  viz..  the  lialltach  works 
at  Newark.  whi«h  hail  Invn  estaMisln-d  in  \S'A).  and  the  S'lby  w<irks  at 
San  Krancisc<»,  which  had  l>eon  started  alwiut  iSJki.  It«»th  of  these  works 
cmployeil  the  I'arkes  pnicess,  l»ut  at  Newark  it  wru**  moditie<l  s«»  that  the 
silver-zinc  cnist  w:l'<  not  skimmed  fn»m  the  lead,  hut  the  latter  wjis 
removed  by  licpiation  at  a  low  tem|x'rature.  The  IVmu^ylvania  I>ea«l  Co. 
had  a  refinery  in  operation  at  I'ittsliuru,  I'enn..  while  at  Chicago  there 
wore  five  |)lant^,  U'longini;  to  the  Chicago  Smeltinu  an<l  Ketinirtg  Co.. 
Swan.'*ea  Snieltinji  and  Hefining  Co.,  C  I*.  Lunton.  an<I  two  others.  The 
Silver  Islet  smeltery  and  n*fiiH'ry  wa«  erected  at  Wyandotte.  Mich.,  in 
1S72.  and  in  the  same  year  the  (iermania  w<irks  at  Sjilt  L-ike  City.  In 
1S74  the  Richmond  Coanolidated  .Mining  Co.  rKtalilish<>d  a  rt-fiiMTy  at 
Kureka,  Nev.,  where  the  Luco-Uozan  pn>rcjw  w:is  intn»ducc<l. 
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It  may  he  reinaikcd  here  that  never  in  the  history  of  lead  smelting 
in  the  Uniteil  States  has  tliere  l)een  any  <i;eneral  tendency  toestablish 
refineries  near  tlie  mines.  The  (iermania  and  Richmond,  and  later  the 
Puel)lo  and  tiie  Cdobe.  are  the  only  examples  of  such  installations.  With 
those  exceptions,  the  refineries  from  the  earliest  time  have  been  estab- 
lished in  market  centers  of  the  East.  They  stand  between  the  producer 
of  crude  metal  and  the  consumer,  and  ex])erience  has  shown  that  they 
are  best  placed  at  a  good  tlistrilnitina;  point  for  the  territory  of  consump- 
tion which  they  are  to  serve.  The  experience  in  copper  refining  has  been 
the  same. 

Of  the  refineries  in  the  United  States,  the  oldest  is  that  of  the  Bal- 
bach  Smelting  and  Refining  Co.,  on  the  Passaic  River,  in  the  city  of 
Newark.  X.  J.  This  plant  was  established  by  Edward  Balbach,  who 
was  born  in  Carlsruhe,  Baden,  in  1804.  Mr.  Balbach,  who  was  a  pro- 
ficient chemist,  early  engaged  in  the  refining  of  metals  in  his  native  city. 
Although  in  a  measure  successful  there,  his  active  mind  clearly  foresaw 
the  impossibility  of  increasing  the  business  beyond  certain  limits,  and 
with  that  conviction,  together  with  his  firm  belief  in  republican  principles, 
he  was  led  to  visit  the  United  States  in  1848,  with  a  view  of  transplant- 
ing his  business  to  this  country.  He  selected  for  location  of  his  works 
the  city  of  Newark,  where  the  manufacture  of  jewelry  was  a  leading 
industry.  The  waste  and  sweepings  of  these  establishments  were  then 
purchased  by  speculators,  and  sent  to  Europe  for  treatment.  Mr.  Bal- 
bach returned  to  Europe,  but  in  1850  came  back  to  the  United  States 
and  laid  the  foundation  of  the  works  which  subsequently  became  so 
important  in  the  lead  industry. 

Skill  and  fair  business  methods  soon  secured  for  Mr.  Ball)ach  the  con- 
fidence of  the  jewelry  trade  in  his  vicinity,  and  his  establishment  being 
the  only  one  of  its  kind,  the  enterprise  proved  to  be  a  profitable  and 
constantly  increasing  one.  The  reputation  thus  accjuired  soon  spread, 
and  small  shipments  of  ore  began  to  find  their  way  to  the  Newark  works. 
In  1859  the  output  of  a  lead  mine  discovered  in  Orange  County,  New 
York,  furnished  considerable  material  for  treatment.  In  1860  the  yield 
of  an  old  lead  mine  in  Pennsylvania  went  to  the  works.  A  little  later 
it  became  possible  to  obtain  ore  from  Guymard,  N.  Y.  The  fame  of  the 
Newark  works  now  reached  to  remote  parts  of  the  United  States,  and 
even  to  Mexico,  and  when  silver-lead  bullion  began  to  be  produced  in 
Nevada,  naturally  it  went  to  the  Balbach  works  at  Newark,  and  to  the 
Selby  works  at  San  Francisco,  the  latter  having  been  established  in  1866. 
As  the  supply  of  bullion  increased,  refineries  were  established  at  other 
places. 

In  1870  the  largest  lead  refinery  of  the  United  States  was  that  of 
Selby  k  Naylor  (later  the  Selby  Smelting  and  Lead  Co.)  at  San  Francisco, 
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('«!.,  wliicli  w.i.-  ■■liuiii.iin  . -i.ii.ii'iii  .i  i..  -upply  llu'ir  shot  towrr  with 
lejul.'  Kor  st'vi'ral  yrnn*  t\w  «Mit«'r|)ris<?  wjw  iiiw«U('c«»i>«fuI.  hut  the  roin- 
plction  "f  the  Pjuifir  railway  and  the  oiienin^  c»f  new  mining  (liMtrirti* 
in  Cahfornia.  Nevada,  and  I'tah  fnrni.shed  hir^e  {tui)pnn4  of  raw  niatrrini, 
and  the  business  e\pande<l  to  lanie  pn»p«)rti«»ns.  In  ISTO  the  hrrn  wim 
ahic  to  r«impete  siicressfiilly  with  the  Halhachs  of  Newark.  N.  J.,  for 
ores  and  \kv*v  htiMion,  and  the  inoveinetit  of  refined  lead  fn>rn  the  Atlantic 
to  the  l'a<'ifu"  nKisi  had  not  only  Ihtii  stop|M^d,  hut  shi[)nients  in  the 
opp«»site  diriM'tion  had  l»een  U'min.  However,  the  prestijje  of  .San  I'ran*'Lsrf> 
lasted  only  so  long  iis  ('ern>  (lordo  and  l^im'ka  were  lar^e  finKlueers  of 
pig  h'ad.  The  largest  market  for  lea<l  U-ing  in  the  I'^tstern  ami  Central 
Statics,  the  w«»rk-lead  of  I'tah.  an<l  later  of  Colorado,  naturally  went  ejist- 
ward.  and  n'fineri»"s  were  gradually  erected  at  various  places,  including 
I>cnver  an<l  ruel)lo.  Colo.,  Kansas  City,  Kan.,  St.  I>»uis,  M»).,  Chicago 
and  .\un»ra.  III..  I'ittshurg.  I'cnn..  and  Perth  .Amlxty,  N.  ,J..  while  on  the 
I'acific  cojLst  a  plant  w:is  cre(le<l  at  Kverett.  WilsIj. 

At  mcist  of  the  phues  where  inifxirtant  refineries  have  l)een  established, 
they  have  continued  in  operation  to  the  pres<Mit  time,  hut  the  s«iurccs 
of  their  supply  «»f  Icise  lead  have  undergone  radical  change.  In  the  time 
of  the  great  lead  pn>ducti«)n  of  Nevada,  when  I'tah  al.so  was  turning 
out  much  lead,  the  crude  metal  was  refine<l  chiefly  at  Newark.  Chic:igo. 
and  San  Franci.sco.  A  little  later  a  gJMul  deal  of  the  I'tah  metal  wiis 
ship|ied  t<i  rittshurg.  which  is  still  a  refining  center  on  a  small  .•<cale. 
KniuH:is  City  and  St.  I»uis  «)nce  refined  large  quantities  of  Colorado  lead, 
and  Kaa'<:us  City  Imth  sn>elte<l  and  refined  a  great  deal  <»f  Mexican  lead. 
The  Kansjis  City  plant  wjls  dismantled  a  few  years  ago,  as  was  al.«<o  the 
St.  I>>uis  plant,  hut  St.  I>oijis  continues  to  l)e  a  great  market  for  non- 
argent  ifemus  lead.  Chicago  h:is  U'en  an  im{M)rtant  n^fining  center  ever 
since  IS7I.  As  San  Francisco  and  Newark  h»st  tlu'ir  holds  on  the  I'tah 
and  Coloratio  bullion,  they  found  new  sotirces  of  supply  in  foreign  cotin- 
tricM  —  San  l'ranci.sco  in  Mritish  (Vilumbia.  and  Newark  in  .Mexico.  The 
law  |K>rmitting  the  refining  <»f  lead  in  liomi,  following  the  remarkable 
development  of  lead  smelting  in  Mexico  in  ISIM)  ISl)3.  endowed  the 
Newark  plant  with  a  new  \vi\se  of  life  and  nuide  the  neighUirhixMl  of 
New  York  a  great  lead-refining  center,  a  great  plant  lieing  built  by  the 
(iuggenheim  Smelting  Co.,  at  Perth  Aml>oy,  N.  J.  Work-lead  couhl 
then  lie  shipfied  fn»m  Monterry,  Aguascalientes,  San  Luis  I'otiisi.  and 
.Mapimi  in  .Mexico  by  rail  to  Tampico,  and  thencv  by  steamship  to  New- 
York  harlxtr,  and  by  lighters  <lin'ctly  to  the  refineries  at  Newark  and 
Perth  .XmlMjy.  while  the  steamshi|is  which  bmught  the  n»etal  to  New- 
York  were  able  to  carry  back  coal  and  coke  In  Mexico.  .Mf»rwi\-er,  thtvc 
refineries  were  able  to  draw  «»rw»  ami  base  bullion  from  Chile  and  other 
'  Minrnil  Il.*^>imT«  Wc*t  of  iho  Horky  Mmintain*.  1870.  p    iSR. 
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S(iuth  American  countries,  and  eventually  this  traffic  attained  such 
magnitude  that  the  American  Smelting  and  Refining  Co.  organized  a 
subsidiary  steamship  company  to  handle  its  part  of  it. 

The  desilverization  of  lead  by  means  of  Parkes'  process*  had  in  the 
early  seventies  already  been  develojxid  to  a  high  degree  of  efficiency. 
In  treating  20  tons  of  lead  |x;r  24  hours  at  Havre,  France,  there  was  re- 
quired the  lalior  of  20  men,  or  1  man  per  ton  of  lead,  while  the  consump- 
tion of  coal  was  10%  of  the  weight  of  the  lead,  of  zinc  1%,  and  the  loss 
of  lead  in  the  process  was  only  1%.  The  cost  was  $0.75  for  labor,  $0.47 
for  coal,  $1.05  for  zinc,  and  $0.19  for  muriatic  acid,  a  total  of  $2.46,  which 
was  increased  to  $3.83  at  the  maximum  after  allowing  for  repairs,  renew- 
als and  all  other  costs.^  In  the  practice  of  that  time,  however,  the  method 
of  eliminating  arsenic  and  antimony  had  not  become  well  established, 
l>eing  done  sometimes  before  the  desilverization  and  sometimes  after 
it,  while  there  was  a  good  deal  of  variation  in  the  treatment  of  zinc  crusts 
and  in  the  dezinkification  of  the  desilverized  lead. 

The  methods  employed  at  the  Germania  works,  Salt  Lake  City,  Utah,  in 
1872,  are  illustrative  of  the  American  practice  at  that  time.  The  base 
bullion  was  melted  in  a  pot  of  25  toas  capacity,  wherein  2.25  to  2.75%  of 
zinc  (costing  9  c.  per  lb.)  was  added  in  the  case  of  bullion  containing  150 
to  200  oz.  silver  per  ton,  the  zinc  being  added  in  three  portions,  giving 
three  skimmings.  The  desilverized  lead  was  run  into  a  softening  furnace, 
15  ft.  6  in. X9  ft.  4  in.,  wherein  the  zinc  and  antimony  were  oxidized, 
partly  escaping  as  fume  and  partly  forming  a  scum  on  the  surface  of  the 
lead  bath,  whence  it  was  raked  off.  The  refined  lead  was  then  run  into  a 
ix)t,  from  which  it  was  tapped  into  moulds,  yielding  pigs  of  140  lb.  each. 
The  skimmings  from  the  softening  furnace  were  treated  in  a  liquating  fur- 
nace for  recovery  of  entrained  lead.  The  rich  zinc  crust  was  smelted  in 
a  small  shaft  furnace,  fluxed  with  iron  ore  and  lead  slag,  yielding  lead  rich 
in  gold  and  silver.  The  rich  lead  was  finally  cupeled,  yielding  dorc  bars, 
which  were  shipped.  The  works  were  of  40  toas  per  24  hours  capacity 
and  employed  35  men.     The  cost  of  construction  was  $58,000.^ 

'  In  Parkes'  process  base  silver-lead  is  first  softened,  i.  e.,  the  hardeniiij;  impurities 
such  as  arsenic  and  antimony  are  removed  by  oxidizing  them  and  skimming  off  the 
dross.  To  the  refined  silver-lead  zinc  in  proper  quantity  is  added  in  a  large  kettle. 
The  zinc  robs  the  lead  of  gold  and  silver,  forming  gold-zinc  and  silver-zinc  alloys,  which 
rise  to  the  surface  of  the  lead  as  a  scum,  which  can  be  skimmed  off.  The  scum,  or  crust, 
is  distilled  in  a  retort  for  elimination  of  the  zinc,  leaving  a  residue  from  which  the  gold 
and  silver  are  easily  obtained.  The  desilverized  lead  after  the  zinc  treatment  con- 
tains about  IS^  of  zinc,  which  is  burned  off  in  a  suitable  furnace,  leaving  refined  lead, 
which  has  only  to  be  cast  into  pigs  to  be  marketable. 

2  August  R.  Meyer,  Mineral  Resources  West  of  the  Rocky  Mountains,  187.3,  pp.  4.08, 
486.      Gruner,   Annates  des  Mines,  XIII,  ser  6,  .3  livr.,   1868. 

3  Bentham  Fabian,  Salt  Lake  Tribune,  Jan.  4,  1873;  Mineral  Resources  West  of 
the  Rocky  Mountains,  1872,  p.  261. 
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At  <iiu'  of  tlio  \v-ir\-  li  Chirajjn  im  <  ..nlurir  modiflrntion  of  I*nrko«' 
pnx'cjw  wiis  ummI.  At  all  <»f  thr  otiu'rx  the  prartir<»  wjw  to  .Miftcii  tin*  lra<l 
first  in  a  rfvcrU'ratory  furnarr,  fnllowod  l>y  a  li(|uatinK  fiiriiaci*;  tlien 
•losilvori/o  l>y  ailditimi  of  ziiir  in  a  kcttlo;  f^'parati'  tlw  n«»lil-f<ilv«'r-/,in<"- 
leail  alloy  l>y  li(|uatioii  in  a  sixM-ial  fnrriacf;  n*fiiif  the  <l(*silv(>riM'<i  lead 
by  hi'atinn  in  a  n«\c'rl>erat4»ry  furnari'.  drawing  it  ofT  intti  a  niarkrt-kcttlc 
and  niouldinK  in  1(N)  tl>.  pip<;  distilling  the  p)ld-silvcr-/.in(-lca<l  alloy  in 
a  tilting  n*tort,  inviMitiMl  by  A.  I'alKT  tin  I'aiir,  condensing  alxnit  5(J''i 
of  the  zinc  for  further  tiso  and  ohtainin^  fn>ni  the'  retort  a  rich  gold-silver- 
lead  bullion,  \vhi«h  wjls  c\i|M>lod.  This  \v:us  cornriionly  known  at  that 
time  :is  the  Halbach  pHM-ess.  having;  U'en  develo|»«Ml  at  Newark,  N.  .1., 
and  it  is  the  h:isis  «>f  the  modern  American  practice. 

The  modifications  have  n^dly  Ikhmi  sli;jht.  The  licpiation  furnaces 
have  Uh'Ii  dispensed  with,  and  the  introduction  of  the  zinc  an<l  removal 
of  the  zinc  crust  are  effected  hy  the  stirrer  and  press  invented  by  \V.  II. 
Howard.  This  has  Ihh'u  the  greati'st  improvement  in  the  American 
practice  of  lead  refininn.  The  stirn*r  effects  a  thorough  incori)oration  of 
the  zinc  with  the  lead.  The  press  squeezes  all  surplus  lead  out  of  the  zine 
crust.  The.*^'  machines  are  handle<l  from  an  overhead  crawl  extending  over 
the  <Iesilverizing  kettU's.  They  have  gn-atly  reducetl  lH)th  the  lalmr  and 
xinr  riMpiired  in  the  clesilverizing  pn>cess.  For  the  rest,  the  im|)n)vements 
in  silver-lead  refining  have  coaxlsted  in  the  l)etter  construction  <»f  the  fur- 
naces, the  general  arrangement  of  the  plant,  mechanical  means  for  the 
handling  of  material,  and  means  for  reducing  the  loss  of  lead  in  fume. 

The  cost  of  refining  at  the  Horn  Silver  works  at  Chicago.  111.,  in  1HS4, 
was  $S  jxT  ton.*  At  the  (Ilolxj  works,  Denver,  Colo.,  in  the  .'Jecond  half 
of  1S95,  it  wjus  S7.(Mi  ix»r  ton.  inclusive  of  parting  and  bn>kerage.  btit  ex- 
clusive of  interest  and  exprexsage.'  In  l'.K)l  the  c(»st  at  the  (Jlol>e  work.s 
wa.s  $.").•.''):  at  Omaha.  Neb.,  H.tM);  at  Chicago.  III..  $4;  at  I'erth  Amlniy. 
N.  J..  $l»..'i2.*  It  would  l»e  inaccurate  to  attempt  to  draw  precise  con- 
clusions from  the.se  figun\s,  liecati.«*c  in  order  to  d«»  that  it  wouhl  Iw 
necessary  to  analyze  more  fully  the  various  conditions.  However,  they 
indic.Hte  that  in  'JO  years,  although  the  cost  of  refining  has  lieen  materially 
reiluced,  the  saving  h:is  l»een  by  no  means  so  large  in  pn>|)ortion  jis  the 
saving  in  the  cost  of  smelting  ore.  To  the  pnttlucer  of  on\  m«»re<»\Tr. 
the  saving  in  refining  is  relatively  less  im|)ortant  than  the  saving  in  smell- 
ing, U'cau-so  while  the  ability  t4>  smelt  for  SI  less  |M>r  ton  adds  $1  |M>r  ton 
to  the  value  of  the  ore,  the  ability  to  refine  bullion  $1  jx-r  ton  cheajxT 
nthls  only  '2'i  c,  12^  c,  etc.,  to  the  value  <»f  n  ton  of  ore.  acconling  as  the 
latter  yields  2*>'',' .  12  J',' ,  etc..  of  its  weight  in  bullion. 

'  From  nn  nfTirinl  rr|x»rt  of  the  r()iii|tany. 

'  M    W.  III^.  Ungxnrrring  and  \ttntng  Journal,  Aiyj    IS,  1900 

'  Avrniitrji  of  n  miikIo  iiioiilh  in  mch  nuw. 
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It  has  been  the  practice  of  the  silver-lead  smelters  in  purchasing  ore 
for  many  yeare  to  allow  for  the  refining  charges  by  paying  the  miner 
for  the  lead  in  his  ore  at  a  rate  less  than  the  market  price  for  pig  lead, 
e.g.,  1  c.  |XM- lb.  less.  Then  if  the  price  of  jjig  lead  were  4.5  c.  per  lb.  at 
New  York,  the  price  to  be  paid  for  lead  in  ore  might  be  3.5  c.  per  lb.  In 
this  connection  it  is  interesting  to  note  the  actual  cost  to  the  smelter 
for  delivering  his  base  bullion  and  refining  it  at  Perth  Amboy,  N,  J.  The 
data  are  for  the  year  1901. 

Bullion  from  Pueblo,  Colo.:  The  silver  content  realized  the  New  York 
price  for  silver  less  1  c.  per  oz.;  gold,  $20  jDer  oz.;  lead,  98%  of  the  New 
York  price,  i.e.,  2%  of  the  lead  is  assumed  to  be  lost  in  the  refining.  The 
costs  were  as  follows,  per  2000  lb.  of  base  bullion:  Refining,  S6.25;  light- 
erage, SO. 62^;  freight  from  Pueblo  to  New  Y'ork,  $0.40;  selling  commis- 
sion, $0.40;  miscellaneous,  $0,325;  total,  $14,  or  0.7  c.  per  lb. 

Bullion  from  Monterey,  Mexico:  The  silver  content  realized  the  New 
York  price  less  1  c.  per  oz.;  gold,  $20  per  oz.;  lead,  98%  of  the  London 
price.  The  costs  were  as  follows,  per  2000  lb.:  Refining,  $G.25;  freight 
from  Monterey  to  New  Y^ork,  $4;  lighterage,  $1.25;  selling  commission, 
$0.40;  miscellaneous,  $0.15;  total,  $12,  or  0.6  c.  per  lb. 

A  noteworthy  recent  improvement  in  the  refining  of  argentiferous 
lead  is  the  electrolytic  process  invented  by  Anson  G.  Betts,  which  was 
installed  first  at  the  refinery  of  the  Canadian  Smelting  Works  at  Trail, 
B.  C,  in  1902.  Since  then  the  process  has  been  in  successful  use  there, 
and  in  1906  similar  plants  were  installed  at  Grasselli,  Ind.  (near  Chicago, 
111.)  by  the  United  States  Metals  Refining  Co.,  and  at  Newcastle  on  Tyne, 
England.  •  How  important  an  improvement  in  the  metallurgy  of  lead 
this  process  will  be  remains  to  be  proved.  At  present  it  appears  doubt- 
ful if  it  will  be  more  economical  in  operating  cost  than  the  standard  Parkes 
process,  but  on  the  other  hand  it  offers  improved  means  for  the  extraction 
of  antimony  and  bismuth  from  base  lead,  and  of  course  the  danger  of  lead 
poisoning  of  the  workmen  is  greatly  reduced,  which  makes  the  process 
noteworthy  from  the  humanitarian  standpoint,  and  there  are  possibly 
other  advantages. 

The  refining  of  non-argentiferous  lead  is  much  simpler  than  that  of 
the  silver-lead.  In  many  cases,  referring  especially  to  the  lead  produced 
by  Scotch  hearth,  air,  and  reverberatory  furnaces  no  refining  at  all  is 
required,  the  lead  being  drawn  into  kettles  from  which  it  is  ladled  directly 
into  the  moulds,  the  pigs  from  which  are  prepared  for  market  only  by 
sha\'ing  off  the  excrescences  on  their  upper  surface.  Sometimes  a  few 
chips  of  wood  and  bark  are  stirred  into  the  kettle,  and  a  little  dross  skimmed 
off  before  ladling  out  the  metal.  The  lead  produced  by  these  furnaces 
is  reduced  at  a  comparatively  low  temperature  and  from  a  high  grade  of 
ore,  wherefore  its  purity  as  a  crude  metal.     Such  imjjurities  as  the  ore 
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limy  rontain  urv  lar^;rly  cnnrrntraUMl  in  tlw  Rray  wlas,  ami  in  the  huI>- 
scqut'iit  sinrltiiiK  of  that  pnxltirt  in  tlu>  iiLixt  furnare,  ncroMHunly  at  n 
IukIut  triii|)«-ratim>.  a  niiK-li  less  piin>  in(>tal,  H  olitainc<l 

In  snu'ltin^;  tin-  sanic  kind  of  ^alfiia  in  tiir  lilast  fnrnarc  a  Iowit  Kra<le 
of  metal  than  fnnn  tho  S<«utch  Iwarth  or  nivcrU'ratory  w  inevitably 
(ihtaincti  lK'<'aMs«' nf  tin*  hinlirr  t<Mii|«Tatun'  of  the  funia'c,  hut  itM  rhar- 
artcr  will  U*  largely  «h'|ientl('nt  U|M)n  the  nature  and  amount  of  the  impu- 
riliw  ori(;inalIy  pres<«nt  in  the  ore.  A  n>fininf;  w  generally  nereHHary, 
hut  this  may  oft«'n  Ih'  only  a  poling,  or  steaming  of  the  rrude  metal  in 
»  kettle.  In  either  ciiM\  the  impurities  an>  o\i<li/ed  hy  the  de(om|iosi- 
ti«>n  of  aqutMius  va|>or,  and  the  o\ide.s  rising  to  the  surfaee  of  the  lead 
hath  :i.s  a  «ln)ss  an*  n*moveil  l»y  skimmin^.  .\t  .Mine  la  .Motte  the  enide 
Icatl  \v:is  in  \S\t'A  n>hned  in  a  (>  ft.  hemispluTical  kettl(>,  holdin<;  aUmt 
IS  tons,  into  whi<'h  a  jet  of  steam  was  intn)dur'ed  near  the  Ixittom.  At 
Ht'nMil.iiMMiiM  the  crude  lead  was  melted  in  a  n'verlK-ratory  furnace  and 
fjolcd  with  Ki^**-*''  Wood.'  There  h.i>  Im-cm  iki  l'ciut.iI  rli.i!i"i'  \r,,u\  this 
practice,  except  at  Hen-ulaneum. 

.\t  Herculaneum.  in  I'.M)1.  (ju«  crude  Icail  I'rum  llic  hhi.Ni  I'urnacos 
contained  al>out  (•.'J' ,'  cojijht.  The  pij;s  wcn^  charged  into  a  licpiating 
furnace,  having;  a  ciust  iron,  sloping  hearth,  with  holes  in  the  renter. 
Ileneath  the  hearth  then*  W!u<  a  c:ust-in»n  tmunh  condtictinn  the  elicjuate<l 
lead  to  a  iiO-ton  kettle.  In  the  kettle  it  was  treated  with  steam  for  \^ 
to  2  hours.  The  dnwses  are  resmelted  in  the  hhtst  furnace.  The  refininK 
prowess  riMlucrs  the  cop|>t*r  jontent  of  the  lead  to  0.02'  ,' .  and  is  c(»m- 
paratively  inexix^nsive,  the  laUtr  of  only  nine  men  licing  required  in  the 
treatment  of  'At  tons  of  crude  met:d  in  12  hours. 

This  n-hnin^  process  «1(k»s  not  entin'ly  e(Te<'t  the  elimin.'ition  <»f  copper, 
which  Ls  n('<-essary  in  |)reparing  lead  for  corn)dinK  pur|>o.s<\s.  In  «lesil- 
verizinR  lea<l  with  zinc.  Imwever.  any  cop|)er  that  may  remain  in  the 
lea<l  will  alloy  with  the  zinc  and  its  nMuoval  can  Ik»  tlms  efTect<><|.  I'or 
this  pur|Mis4\  .Mbvsouri  lead  Ikl**  Ut-n  n'lined  to  .s«ime  extent  at  St.  I>»uis 
by  the  I'arkes  pnwess.  the  small  (piantity  <»f  silver  won  and  the  increasotl 
value  of  the  lead  as  :i  corntdinn  grade  alnitit  paying  the  higher  cost  of 
refining  by  tliLs  meth«>d.  Thb<  pntctice  w:ls  inaugurated  aiNtut  VMM). 
During  the  loHt  two  or  three  years  a  largely  increaseil  amount  of  lead 
hnfl  Uhmi  thtut  refined,  ett|)ecially  at  Collinsville.  111. 

M  AKKITINC. 

licad  Ij*  market<»<l  in  three  principal  f«»rm.s:  (n)  desil\*erize<l;  (6)  soft; 
(r)  antimonial.  or  hanl.  The  terms  to  distinguish  lietween  chu>o4es  a 
.>...!    I,    ..r,.    inexact.    iHM-au.se.   «»f   course,    desilverize* I    \viui    Is   soft    leatl. 
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Desilverized  lead  itself  is  classified  as  "corroding,"  which  is  the  highest 
grade,  and  ordinary  "desilverized."  Soft  lead,  referring  to  the  Missouri 
product,  may  be  either  "ordinary"  or  "chemical  hard."  The  latter  is 
such  lead  as  contains  a  small  percentage  of  copper  and  antimony  as 
impurities,  which,  without  making  it  really  hard,  increase  its  resistance 
against  the  action  of  acids,  and  therefore  render  it  especially  suitable 
for  the  production  of  sheet  to  be  used  in  sulphuric-acid  chamber  con- 
struction and  like  purposes.  The  production  of  chemical  hard  lead  is 
a  fortuitous  matter,  dejDending  on  the  presence  of  the  influencing  impu- 
rities in  the  virgin  ores.  If  present,  these  impurities  go  into  the  lead, 
and  cannot  be  completely  removed  by  the  simple  process  of  refining 
which  is  practised.  Nobody  knows  just  what  proportions  of  copper 
and  antimony  are  required  to  impart  the  desired  property,  and  conse- 
quently no  specificatioas  are  made.  Some  chemical  engineer  call  for  a 
particular  brand,  but  this  is  really  only  a  whim,  since  the  same  brand 
will  not  be  uniformly  the  same;  practically  one  brand  is  as  good  as  another. 
Corroding  lead  is  the  very  pure  metal,  which  is  suitable  for  white  lead 
manufacture.  It  may  be  made  either  from  desilverized  or  from  the 
ordinary  Missouri  product;  or  the  latter,  if  especially  pure,  may  be  classed 
as  corroding  without  further  refining.  The  difference  between  "desil- 
verized" and  "corroding"  lead  made  from  argentiferous  work-lead  is 
merely  that  in  preparing  the  latter  the  metal  is  drossed  a  second  time 
in  the  refining  furnace,  wherein  the  zinc  is  burned  off.  The  lead  refined 
b}'  the  Betts  electrolytic  process  is  of  excellent  corroding  grade.  Anti- 
monial  lead  is  really  an  alloy  of  lead  with  about  15  to  30%  antimony, 
which  is  produced  as  a  by-product  by  the  desilverizers  of  base  bullion. 
The  antimony  content  is  variable,  it  being  possible  for  the  smelter  to 
run  the  jjercentage  up  to  60.  Formerly  it  was  the  general  custom 
to  make  antimonial  lead  with  a  content  of  10  to  12%  Sb;  later,  with  18  to 
20%;  while  now,  2.5  to  30%  Sb  is  best  suited  to  the  market. 

The  relative  values  of  the  various  grades  of  lead  fluctuate  considerably, 
according  to  the  market-place,  and  the  demand  and  supply.  The  sched- 
ules of  the  American  Smelting  and  Refining  Co.  make  a  regular  differen- 
tial of  10  c.  per  100  lb.  between  corroding  lead  and  desilverized  lead  in 
all  markets.  In  the  St.  Louis  market,  desilverized  lead  used  to  command 
a  premium  of  o  c.  to  10  c.  per  100  lb.  over  ordinary  Missouri;  but  often 
they  .sell  on  approximately  equal  terms.  Chemical  hard  lead  sells  some- 
times at  a  higher  price,  sometimes  at  a  lower  price,  than  ordinary  Mis- 
souri lead,  according  to  the  demand  and  suppl}'.  There  is  no  regular 
differential. 

The  case  of  antimonial  lead  is  peculiar.  Until  within  a  few  years  it 
sold  at  a  discount  from  the  price  of  desilverized  lead,  being  regarded  as 
an  undesirable   but   unavoidable  by-product,  which  was   useful  only  for 
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iiiforior  piir|M>sc's,  such  i\a  yarlit  l)all:u<t,  r«illiij  liniti^'s,  i-tr.  AlthdUKli 
antimony  nn«l  IcjuI  i\w  the  cMsiMjlial  coaxtitupntM  of  hovoral  inijiortunt 
alloys,  the  aiitiinoiiial  li'a«l  of  tlio  «lt»?<ilv«Ti/inK  n*(inors  was  t«Mi  irn'^iilar 
in  roni|M)sitioii  t*!  I»tr  in  nn'ni  <l(>inantl  anions  tlir  iuaniifa(-tiin>r4  of  alloVH, 
wlio  pn^fiTrtMl  to  mix  antimony  and  lead  (lin>rtly  to  olituin  the  ilcMireU 
(*om|>ositinn. 

In  1S7I  antiruonial  Irad  sold  at  a  di.sro\jnt  of  I  U)  ^  c.  [icr  ll».  Ik'I<j\v 
tlio  priro  of  drsilvprizod.'  In  iSlMi  it  wild  at  a  illHrount  of  aimiit  I  r. 
|M'r  ll>..  Imt  apjw'ars  at  somo  time  pn'vious  t4t  havi'  lw<'n  at  a  pn-riiiiim, 
sinro  it  is  stat<««l  in  The  Mineral  Industry.  vi»l.  V.  p.  .'tsl,  that  "formerly 
when  it  commanded  a  prcMuitim  over  soft  loa<l  it  wjls  d(>siKnc*d  t4»  nmtain 
only  U)  to  \-%  antimony,  hut  now  it  is  at  a  dis<-oJint  (»f  alniut  J  r.  |M>r  Ih. 
fn»m  the  prire  of  ordinary  leatl.  and  it  is  thcrcfon*  an  ohject  to  pmduce 
an  little  lead  in  this  form  :is  |>ossil»Ie.  (Vinsoquently.  the  Krt*ater  part 
of  the  hard  leatl  m.-ide  at  prt>sent  is  run  up  to  from  IS  to  2()Vt  antimony, 
and  certain  smelters  make  it  :us  hinh  :us  .'J')  or  40','.  The  antimonial 
lead  rontaiiiM  penerally  alxMit  t»  oz.  silver  ]ior  ton.  ami  sometimes  ;».s  much 
as  10  o7...  which  it  d«K?s  n<it  pay  t«)  s<'parate."  In  I'.KIJ  antimonial  lead 
rontaininp;  2'i  to  .'W  ,'  antimony  w:i.s  lK\st  suited  to  the  market.  By 
HK)'i  this  prade  of  metal  had  rome  to  command  a  premium  of  1  to  1)  c. 
jXT  ll»..  this  Ijcinu  due  <hie(ly  to  the  shortjif;c  in  the  supply  of  metallic 
antiniony  (the  price  of  which,  ordinary  hrands.  n».sc  from  S  c.  |ier  ll>. 
at  the  Iw^inningof  the  year  t4»  nearly  \'.\  c.  ]tor  11).  in  the  summer),  and  the 
supply  of  antimonial  lead  was  ejmerly  sought  l>y  the  nianufacturers  <»f 
alloys.  Hy  11HJ7  antimonial  lead  had  come  to  s<>ll  :is  a  lead-antimony 
alloy,  fetching  nearly  the  full  antimony  value  for  its  content  of  that  metal, 
the  niarket  price  for  the  alloy  Immu^  only  J  1«»  i  r.  per  ll>.  Udow  the  com- 
pute«l  price  of  its  coastituents.  Thus,  with  lead  at  l>  c.  |)er  lli.  and  anti- 
mony at  2.')  c,  tho  value  of  antimonial  lead  containing  20' ,'  antimony 
wotdd  l»o  9.S-0..'>-«).:j  c.  per  Ih. 

The  total  prodtn-tion  of  lea<l  frou)  on*s  mined  in  the  Initejl  States 
in  VM)\  w:is  27l).l)22  short  toas,  of  which  211..'M»S  toan  were  tlesilverize<l. 
.'»7.S1).S  S4»ft  (meaning  lead  fmm  Missouri  jwul  a<lja<"cnt  .*>t;ites)  and  I0.t>.'i(i 
antimonial.  These  are  the  statistics  of  The  .Mineral  Imlustrv.  The 
I'nit^d  States  (Jeological  Survey  rp|Mirted  sulistantially  the  same  quan- 
tities. In  1*.»02  the  pmduction  was  MK.l.ril.'j  toits  of  desilvcriz4'd.  70.121 
tons  of  soft,  and  lO.lS'i  t«»as  of  antimonial,  a  t«ital  <»f  2.SO,.')2l  loas.  There 
Ih  an  annmil  pmduction  of  4000  to  .'»0<I0  toan  of  white  leatl  ilireet  fn»m 
ore  at  .loplin.  Mo..  whi«h  incn';txes  the  tot.nl  lead  pn»ducti<»n  of  the  I'nited 
Stales  by,  say.  .i-'iOO  toas  jier  annum.  The  ppHliiction  <if  lea«I  n'|»orted 
as  "soft"  does  n«»t  reprrewnt  the  full  output  of  Missouri  and  ndjarent 

'J  Y  fVrcrn,  Jr  ,  Minmil  Hr*MHT*«<«  Wi^l  of  Om»  Riirky  MnunlAiiiA.  IS74.  pp. 
424   I  M» 
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States,  because  a  fjood  deal  of  their  ore,  itself  noii-arg;entiferoiis,  except 
to  the  extent  of  about  1  oz.  per  ton,  in  certain  districts,  is  smelted  with 
silver-bearing  ores,  going  thus  into  an  argentiferous  lead;  while  in  one 
case,  at  least,  the  almost  non-argentiferous  lead,  obtained  by  smelting 
the  ore  unmixed,  is  desilverized  for  the  sake  of  the  extra  refining. 

Uses 

By  far  the  most  important  use  for  lead  is  in  the  manufacture  of  white 
lead.  Among  its  other  uses,  the  manufacture  of  sheet  i)ipe,  shot,  and 
alloys,  together  with  litharge,  red  lead,  and  orange  mineral,  are  the  most 
important. 

The  principal  use  of  white  lead  is  as  a  pigment.  In  this  use  it  has 
to  meet  the  competition  of  zinc  oxide  and  Ijarytes.  The  three  pigments 
are  now  to  a  large  extent  employed  in  mixtin-e. 

Lead  pijDe  is  chiefly  employed  for  the  water  supply  in  dwelling-houses. 
It  is  also  u.sed  extensively  in  chemical  works. 

The  use  of  lead  for  bullets  and  shot  does  not  require  especial  mention. 
It  was  one  of  the  earliest,  if  not  the  earliest,  use  for  the  metal  in  tliis 
country.  The  manufacture  of  shot  was  begun  near  St.  Louis  in  1809, 
and  also  was  one  of  the  earliest  manufacturing  industries  in  the  Wiscon- 
sin lead  region. 

Sheet  lead  is  used  chiefly  for  linings  to  withstand  acids,  or  acid  vapors, 
as  for  example,  in  the  construction  of  sulphuric-acid  chambers  and  towers, 
the  barrels  for  the  extraction  of  gold  from  ore  by  chlorination,  the  lining 
of  vats,  etc.  It  was  formerly  employed  extensively  for  roofing,  but  in 
that  use  has  been  displaced  largely  by  other  substances,  as  it  has  been 
displaced  also  in  the  glazing  of  windows.  A  comparatively  recent  and 
highly  important  use  has  been  for  covering  electric  cables.  This  has 
accounted  for  a  large  part  of  the  increase  in  consimiption  in  late  years. 

Among  the  lead  alloys,  type  metal,  babbitt  metal,  solder,  organ  pipe 
composition,  and  the  fusible  alloys  used  in  electric  lighting,  fire-protec- 
tion sprinklers,  etc.,  are  the  most  important.  Litharge  is  u-sed  as  a  flux 
in  assaying,  as  an  ingredient  in  the  compounding  of  rubber,  and  in  the 
manufacture  of  gla.ss.  Red  lead  is  used  as  a  pigment,  very  extensively 
for  that  purpose  in  the  protection  of  structural  steel;  as  a  pipe-joint 
cement;  and  in  the  manufacture  of  glass. 
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\a.\u  (»rp  oerurs  in  many  «»f  tlio  Mastrrn  and  S>utliorn  Statf»s,  an«I 
ill  s<»iiM»  <»f  thrm  it  was  iiuimmI  at  an  rarly  dati*.  Thi'  t>\ist<'nrr  of  the 
mineral  in  Nt'W  I'.n^land  was  doiilitless  kn<iwn  within  .M)  years  after  tlie 
arrival  of  the  Tiliirinis  at  I'lyiuouth.  As  early  as  HmI,  (iitvernor  John 
Winthntp  n'ceived  his  famous  license  to  work  any  mines  of  "Iea<l,  eopjier, 
or  tin,"  and  "to  enjoy  forever  said  mines,  with  the  laiuls,  \v<mm|s,  timlier 
and  water  within  two  <»r  three  miles  of  said  mines."  As  ho  received  also 
a  special  prant  of  mines  and  minerals  in  the  neiKhltorhiMxi  of  .Nfiddletown. 
Conn.,  it  Ls  not  unlikely  that  the  old  .Middletown  silver-lea<l  mine,  the 
date  of  the  di.scovery  of  which  is  not  pn*cLs<'|y  known.  w;is  ojiened  liy 
hini  or  his  succeKsors.'  This  is  the  first  extant  OM-ord  of  lead  mining 
in  the  I'nited  States.      However,  the  .lesuits  are  sup|»o.se<l  to  have  l)eKun 

mining  in  I'ima  County,  Ari/...  in   Ki'M),  and  then*  ^^    -  - ,    ri,    \iMrk 

done  hy  the  French  in  the  \Vi.s«-«)n.«<in  region. 

In  Colonial  times  .'Jome  of  the  lead  mines  of  the  Allaiilic  vtnmi  were 
Worked  to  obtain  leail  for  l«»cal  <-onsumption.  l/<|)ecially  during  the 
Kev»»luti<»nary  War  they  supplied  considerable  lead  for  bullets.  Hut 
the  reqtiin-ment  for  lead  in  the  early  history  of  the  Cruted  States  wa.s 
not  large,  and  the  production  (»f  the  mines  of  the  I!;Lstern  and  Snithern 
States*,  with  the  exception  of  tho.'ie  of  New  York  ami  \irginia.  h:is  U-on 
iitsignificant.  In  most  c:ts4>s  no  statistics  of  production  a|)|iear  to  have 
lieen  <-ollect<'d;  at  least  they  have  not  l>een  preserved.'  In  the  present 
ehapter  the  attempts  at  le.ul  mining  in  the  l'l:istern  Station  will  lie  sketche«i 
briefly  in  chnmological  order,  except  for  New  ^drk  ami  \'irginia,  which 
rontain  the  only  mining  districts*  worthy  of  separate  treatment. 

As  previ«»u.^ly  stated,  the  earliest  mining  appe.ars  {a  have  l>een  done 
at  Middletown.  Conn.,  where  there  wju*  a  small  vein  of  le:id-lx>aring  <|Uartz. 

'  Ahrani  S.  Ilrwitt,  TrnivH    Am    I  not    Min    V.t\g 

•  Fniluro  to  fii»«|  nT««nln  nf  r.irly  iiunitii;,  rhwMy  lircauiir  thoy  ilo  not  rxi«t,  in  lo 
tir  rx|>Lnin<>i|  l»y  the  noii-n|i|>nTuilion  of  lln-ir  immmiMi*  futtirr  itii|Hirt.iiir«*.  <»r  imcnr»»l 
It  in  onr  of  ihr  drnwliarkit  of  |in>ia'iit  iniiiin|{  o|M*mlionii  in  nuitiy  plnn'^  tluil  no  n<rt>nlN 
of  r«>ni|vimtivo|y  rrccnl  work  am  nvnilnhlr.  For  puuitpir,  in  iIk*  nn<t|M*nini;  of  th«* 
ComMlork  l««lo  in  \SM.)S  nml  ItMMl.  how  v.nhuil>lc  would  have  Iwvn  the  tna|M  .iimI  awny 
chartu  of  only  JO  yi-nn  pn>viouii,  lM*forr  iIm*  niira^  wrm  allowi>l  to  hll  with  watrr  up 
U»  the  Sutro  TunnrI  W'vrl. 
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travcrsin.t:;  mica  slato.  Tlicro  arc  iki  rofonls  of  its  carl}'  hi.story  or  pro- 
duction. At  Northeast,  Dutchess  County,  X.  ^'.,  lead  ore  was  found 
and  worked  as  early  as  17  U),  small  <iuantitics  l)cing  shipped  abroad. 
Attcmi)t.s  to  obtain  lead  here  were  also  made  during  the  Revolutionary 
War,  but  the  (juantity  available  was  too  small  to  admit  of  profitable 
development.'  The  Wythe  mines  in  Virginia  were  discovered  in  1750. 
These  are  referred  to  more  fully  further  on.  In  17G5  work  was  begun 
at  Southampton,  Mass.,  where  there  was  a  quartz  vein  of  considerable 
width,  but  lean  and  irregular  mineralization,  in  mica  slate  and  granite. 
Oixjrations  were  suspended  by  the  Revolutionary  War  and  were  not 
resumed  until   ISO!). 

In  177S  a  mine  near  Birmingham,  Blair  County,  Penn.,  was  worked 
on  a  small  scale,  smelting  works  being  erected.  It  was  again  operated 
about  1795.  After  a  long  idleness  the  mine  was  reopened  in  18G4,  and 
was  worked  until  1870,  Ijut  for  zinc  ore  rather  than  lead  ore,  the  two  ores 
occurring  together. 

This  is  the  scanty  record  of  lead  mining  in  the  East  previous  to  the 
nineteenth  century.  No  doubt,  all  over  the  country  occupied  by  the 
American  forces,  there  were  small  and  desultory  surface  operations,  fur- 
nishing lead  for  the  use  of  the  Army.^  In  the  early  part  of  the  nineteenth 
century  little  or  nothing  appears  to  have  been  done,  but  a  little  after 
1820  several  mines  were  discovered  and  worked. 

A  mine  at  Ellenville,  N.  Y.,  was  opened  in  1820,  ])ut  not  with  much 
success.  In  182G  the  Eaton  mine,  near  Madison,  Carroll  County,  N.  H., 
was  developed.  In  this  vicinity  there  w-ere  many  veins,  containing 
galena  and  blende,  but  their  mineralization  was  too  small  and  too  irreg- 
ular to  i^ermit  them  to  be  worked  profital^ly.  Small  veins  of  lead  ore, 
occurring  at  the  contact  between  trap  rock  and  limestone,  were  discov- 
ered at  Lubec,  IMaine,  in  1832,  but  in  spite  of  a  good  deal  of  work 
exjiended  on  them  their  production  failed  to  amount  to  much.  In  1835 
the  mines  at  Rossie,  N.  Y.,  were  first  worked,  and  in  1837  a  vein  of  lead 
ore  at  Redbridge,  X.  Y.,  was  opened.  Somewhat  extensive  develop- 
ments were  made  in  1846  and  1847  near  Shelburne,  Coos  County,  N.  H., 
where  there  is  a  quartz  vein,  mineralized  with  blende,  galena,  and  pyrite, 
in  gneiss.  In  1850  a  group  of  mines,  chief  of  which  was  the  Whaiely, 
was  opened  on  Pickering  Creek,  a  few  miles  south  of  Phenixville,  Chester 
County,  Peim.  A  smelting  furnace  was  erected  in  1851,  and  some 
extensive  developments  were  made  in  the  mines.  The  latter  are  of 
considerable  geological  interest,  but  their  production  has  been  inconse- 
quential.    They  were  worked  (jnly  a  few  years. 

The  second  half  of  the  nineteenth  century  was  marked  by  a  resump- 

>  Winslow,  Lead  and  Zinc,  I,  120;  Report  of  Missouri  Geological  Survey,  vol.  VI. 
-  Abram  S.  Hewitt,  Trans.  Am.  Inst.  Min.  Eng. 
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tioii  «»f  tiiiiiii)^.  ill  !s.V_\  at  Kovm*.  N.  V.,  ainl  in  IWJ  at  Aiifraiii,  (oliirii- 
biu  touiily,  N.  V.  In  1N.V>  a  rather  iiii|M)rtant  vein  of  lead  ore  ujw 
(iLHcovfrpd  at  (Iiiymanl.  N.  \  .  Work  al.so  wan  rrautuecl  in  ISiiTt  at  tl»c 
VV:».«<hin^ton  miiu'.  known  later  :ls  tlu*  Silver  Hill  mine,  in  l)avi«bM»n  County, 
N.  I'.,  which  wjLs  !sul>sc«{Uc*ntly  tlevelojie«l  on  a  etuunitlerahle  wale.  'I'hw 
{le|M>.sit  w;ws  (liscovcrcii  in  lS.'tt>.  an«l  wxs  workoii  alnioHt  unintemiptodly 
until  |S,V_*.  The  «»rt\  whirh  Is  a  mixture  of  the  sulphiiles  of  7.in<-,  leail, 
ropjH'r.  and  inui.  in  a  talroso  nanjjue  —  ami  Ls  ar^entifennw  —  m-rurM 
in  a  series  o(  veins  parallel  to  the  stratification  of  the  country  nwk  (anjil- 
lace<ms  schists).  The  two  principal  veins  are  alxml  .'M)  ft.  apart  at  the 
surface,  hut  unite  at  a  depth  of  iHi  ft.,  and  then  .separate  a^ain  and  tXMiiain 
alioul  the  same  distance  apart.  The  veina  vary  in  thickness,  sonietinicH 
l>einj:  \\i<le  and  at  other  times  very  narntw.  I>ut  the  ore  b*  much  mived 
with  horses  of  .schist.     The  mine  h:is  Ihi'Ii  oj^Mied  to  a  depth  of  ti.'M)  ft. 

AUiut  five  miles  north  of  the  W:ushinj»ton  mine  ia  the  Silver  Valley, 
which  w:is  di.scttvere«l  in  lv>().  This  h;us  a  vein  <»f  o  to  12  ft.  in  width, 
similar  in  character  to  the  \V:tshinf;ton. 

The  mines  of  David.son  County.  North  Cantlina,  were  worked  in  a 
more  or  less  desultory  way  ilurinj;  1S71  ISSO  and  the  early  ciiihties.  In 
1SS7  a  smelting  works  for  the  reduction  <»f  their  <»res  w:is  ere<-te<l  at  Thoin- 
asville.  The  o|)eration  of  these  works,  however.  prove<I  to  Ijc  of  very 
fitful  charai'ter.  the  reason  l)einK  that  the  ores  of  the  district  were  zinc 
ores  rather  than  leatl  <)res.  Their  complex  character  cau.sed  them  to 
be  diflicult  to  smelt,  and  a  variety  of  pn>cesscs.  pyrometalluniical  and 
hydp»metallurjii<'al,  were  tried  at  the  works,  the  owners  of  which  were 
not  dLscoura>:ed  hy  rejK^ited  failures.  Kventually.  however,  they  pave 
up.  and  since  the  early  nineties  there  hjus  Ixx'n  little  or  no  mining  in  this 
district. 

In  the  Civil  War  time  a  little  mininj:  for  lead  w;ls  done  at  U'ad  .Mine 
IJend  in  eastern  Teiuiessee.  Recently  the  sanie  mine  wai*  rcofieiKMi  for 
the  zinc  ore  whi«'li  occiirn^d  in  connection  with  the  lead,  hut  the  exploita- 
tion has  not  yet  prove<i  to  Ik;  of  any  consequence.  SukUI  lead  mines 
have  l)ecn  worked  at  varioiw  other  places  in  Tennessee,  hut  although 
the  pn»spects  have  Uvn  thought  promising  the  developnwnti*  hax-c  uni- 
formly lHx?n  unsatisfactory. 

The  m«>st  sjiectarular  event  in  lead  mining  in  the  Fjistern  States*  was 
the  illscovery  of  the  Merrimac  mine,  a  vein  of  argen'  i.  which 

was  really  rich  Utth  in  lea«l  ami  sil\er.     This  mine.  \n •  .ir  New- 

huryport,  .M:tss.,  wju*  dlHoovered  early  in  ls74.  There  ^"crp  sicxTral  |tarallel 
crevices.  A  shaft  sunk  on  one  of  tin's*'  di>c  l«»j<e«l  a  width  of  '.\  ft.  af  on» 
at  a  depth  of  KJ  ft.,  and  a  width  of  (i  ft.  at  22  ft.  The  shaft  was  well 
equipfx*<i  with  machincr>*  and  in  Septoml>er,  1S75.  was  pnxlucing  rpjfti- 
larly  aliout  seven  tons  of  ore  jier  day.     Tl»c  richncsw  of  the  ore  and  iImj 
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success  of  the  oi5erations  inspired  a  considerable  mining  excitement  in 
this  portion  of  Essex  County,  and  many  pits  were  sunk  in  search  for  min- 
eral. However,  the  excitement  was  short-lived,  inasmuch  as  the  Merrimac 
vein  soon  petered  out.  At  about  60  ft.  the  lower  limit  of  the  rich  ore 
was  reached,  it  giving  place  to  a  quartz  vein-filling  dotted  with  a  little 
galena.  This  was  followed  downward  to  a  depth  of  225  ft.,  when  the 
courage  of  the  owners  gave  out.  This  was  the  end  of  lead  mining  in 
Massachusetts. 

With  the  exception  of  a  few  mines  in  New  "^'ork  and  Virginia,  which 
have  made  an  output  sufficiently  large  to  be  recorded  statistically,  the 
numerous  lead  mines  in  the  Eastern  States,  worked  in  a  desultory  way 
at  one  time  or  another,  are  not  to  be  regarded  seriously.  There  have 
been,  and  are  now,  mineralized  veins,  which  have  been  found  to  contain 
little  pockets  of  ore,  and  have  held  out  bright  hoj^es  to  the  discoverers, 
but  after  being  worked  a  little  and  yielding  perhaps  a  car-load  of  ore, 
they  have  been  found  to  be  unprofitable,  and  have  been  abandoned. 
I  believe  that  at  the  present  time  even  the  smelters  in  the  vicinity  of 
New  York  receive  an  occasional  car-load.  Within  the  last  ten  years  I 
have  myself  had  occasion  to  examine  a  lead  mine  in  Maine  and  shipped 
from  it  15  tons  or  so  of  ore  of  fair  grade.  But  as  for  there  being  a  regular 
lead-mining  industry  there  is  no  such  thing  and  never  has  been. 

Virginia 

However,  in  Virginia  there  is,  and  has  been  for  many  years,  an  interest- 
ing little  lead-mining  industry,  centered  about  the  Wythe  mines  at  Austin- 
ville,  Wythe  County,  in  the  southwestern  part  of  the  State.  It  is  unknown 
who  was  the  original  discoverer  of  lead  ore  at  this  place,  but  the  mines 
appear  to  have  been  operated  first  by  Colonel  Chiswell,  a  native  of  Wales, 
who  began  in  1750  and  continued  work  until  shortly  after  the  beginning 
of  the  Revolutionary  War.  The  mineral  (galena)  was  found  at  Austin- 
ville  disseminated  in  decayed  limestone  which  outcropped  at  the  surface. 
Chiswell's  operations  consisted  almost  wholly  of  open  work.  However, 
he  made  an  attempt  to  reach  the  "vein"  at  soms  depth  by  driving  an 
adit  level  into  the  hill  from  the  edge  of  the  river  under  a  high  cliff  below 
the  mouth  of  Bald  Hill  Spring  branch.  This  adit  was  driven  a  distance 
of  about  20  ft.  and  then  was  abandoned.  It  is  still  pointed  out  as  Chis- 
well's hole.^ 

The  ores  mined  by  Colonel  Chiswell  had  to  be  dressed,  which  was  done 
by  washing  at  the  Bald  Hill  Spring  branch,  near  where  they  were  mined. 
They  were  smelted  at  a  plant  on  the  hill  southeast  of  the  Long  Hole  shaft. 
The  remains  of  the  smeltery  indicate  that  it  was  a  common  air  furnace, 

'  Thos.-  L.  Watson,  Lead  and  Zinc  Deposits  of  Virginia,  p.  68. 
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tin*  lir:irlli  :ili<i  n><'l  (i;i\nm  ix-m  inmi  hi  mi-  r>MiK,  w  liirli  |intl»iililv  raliM? 
fntiii  l-!iiclaii<l.'  Atiioii^  the  n'tnaiiiM  wiis  fniiinl  tlio  iMittoiii  of  u  Mnall 
(Mi|N>l  funiaco,  iiulirnt ill);  that  an  attempt  IukI  Int^u  iiuulc  U>  cxtrnrt  xilvur 
fnun  the  lea<l.  which  |xt}vsil»ly  \va.s  the  himiH  of  the  trnditioii  prevalent 
in  the  vicinity  that  Chiswell  ha*l  pn>(lu«-<'il  silver. 

Chiswell  is  n'|>orte<l  to  have  U^n  a  Tory  and  to  have  «lie»l  in  jail  at 
(^iinlK>rlan<l  Court hous4>,  N'ir^inia,  alNXtt  I77(>,  which  iloiilitless  Itron^ht 
the  o|N'ration  of  his  mines  to  a  clos<\  llis  pn»i>erty  n-vert***!  to  the  Stat«! 
of  Virpinia.  It  w  sai<l  to  have  Ikhmi  worked  (hiring  the  lievohitionury 
War,  hut  of  that  then»  do  not  ap|)ear  to  l)c  any  definite  records.  At 
aumv  time  U'tween  17S()  ami  \SlH)  it  was  .s(.ld  to  Stephen  and  .Mose.** 
Austin.  wh«»  continued  nunin^  anci  smeltin^.'  The  date  of  the  transfer 
to  Austin  nuist  have  U-on  con.'iideraltly  earlier  than  IS(H),  or  at  \viist  his 
operation  of  the  nunes,  U'cau.se  he  is  known  to  have  visited  .Mis.souri  in 
1797,  and  was  at  that  linie  an  ex|¥'rt  miner  and  smelter  of  lea«l  ore,  w> 
mtich  si>.  indeed,  that  he  estaMished  himself  in  .Mis.souri  in  ]7W  and  intro- 
tluce«l  his  own  method  «)f  smeltin;;,  which  wa.s  far  advanced  over  that 
prac'ti.sod  by  the  I'rench.  This  implie.s  a  consi«leraMc  pri'vious  ex|)eri- 
encc  in  the  Imsiness.  Austin's  furnace  was  a  <'rude  ri'verU'ratory.  or 
"air  furnace,'"  and  ilouhtlcss  wjus  hase<l  on  the  form  ori^inallv  intn»- 
duecd  by  Chiswell. 

In  ls;W  Ropers  descril)es  the  Wythe  mines  jis  lieinp  worked  for  lca«l 
ore,  the  zinc  ore  associated  with  it  Ikmhj;  n-jected."  The  pn»«luct  w:is 
hauled  to  Baltimore  in  wagons.  In  is.'iS  the  Wythe  Ix-ad  Mines  C«. 
nc<juire<l  the  pro|>erty  and  worked  it  until  IS4S,  pntducinp  .'i'ioO 
tons  of  f>ij;  lead.  During  this  |¥'riod  S'(»tch  hearths  wen*  installed  for 
snieltinf;.  The  manufa<ture  of  shot  wax  l)e);un  in  lS4.'t.  ,\  little  later 
ftirnaces  were  ere<te«l  for  smelting  the  accumulations  of  old  slap,  partly 
fn)m  the  Scotch  hearths,  and  partly  n<»  dotiht  fnun  the  older  type  t»f 
ftirnarc.  In  IH-|,S  the  mincH  were  taken  over  by  the  Wythe  I'fiion  I^ead 
Mining;  Co.,  which  worked  them  until  IS-'^S,  pn>ducinp  .'W)7  toim  «»f  pig 
lead,  while  outside  mines  pn>diice<l  I.MK)  tons  more.  The  mantif:i<-ture 
of  shot  wa*4  contiinic<l. 

In  IH.VS  there  w:ls  aiiotiier  n'organi/.itioii.  tiie  n<'W  c«»ncern  U-uj;; 
inrorporated  in  \SCA)  as  the  I'nion  U'ad  Mining  Co.  The  production 
frt»nj  I'ebninry,  LVvS,  t<»  May,  lMil,wa«  \2SS  U^nn;  fn»m  .May,  isiil.  Ut 
February,  \stY2,  ftlfi  tons;  fnun  February.  \SAY2.  t<»  Febniary.  IS(i:i.  4lM 
toa«»:  from  Febniary.  \Si\:\.  to  A|)ril.  I.siVI,  M2  toas;  fnun  April,  IS(M. 
to  I)eeenil>er,  IS04.  21)3  toa**.  During  the  Civil  War  these  mineji  were 
the   prinripnl   wuiire  of  8Up|)ly  of  lea<l    for  biillctM   f<»r  the  Confederate 

'  W.I  I  win.  op   ril,  fiO  '  WftlMin.  op   nt .  fill 

'  A  Hi'prinl  i>f  .\nniuil  Rrportu  nnd  cithrr  l*«|>rrn  on  lh«'  (tmliairy  of  thr  Virsinuu. 
Uy  WilliAiii  Uartoii  ItoRrrm,  N.  Y  ,  iSSi,  p.   I.R). 
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gdvcrmnciit.  On  Dec.  17,  1S64,  the  works  were  burned  by  Fcderul  troops. 
Iiniuetliately  after  tlie  war  tlie  works  were  rel>uilt  (in  ISOo)  and  oj)era- 
tions  were  resumed  on  about  the  same  scale  as  previously  and  continued 
to  the  j^rcsent  time.  O.  J.  Heinrichs  estimated  that  from  1838  to  1879 
the  Wythe  mines  had  produced  12,167  tons  of  pig  lead.^ 

The  Union  Lead  Mining  Co.  was  succeeded  by  the  Wythe  Lead  and 
Zinc  Co.  In  August,  1902,  the  latter  company  sold  the  property  to  the 
Hcrtha  Mineral  Co.,  which  now  operates  it.  These  mines  in  their  event- 
ful history  have  been  not  only  producers  of  lead  ore,  but  also  of  consid- 
erable quantities  of  zinc  ore. 

There  have  been  other  lead  mines  operated  in  Virginia,  but  none  of 
anj-thing  like  the  importance  of  the  Wythe,  and  it  is  unnecessary  to  make 
special  mention  of  them. 

New  York 

Lead  ore  has  been  mined  at  several  places  in  the  State  of  New  York. 
The  oj^erations  near  Northeast,  in  Dutchess  County,  have  been  previously 
referred  to  in  this  chapter.  In  Columbia  County,  the  Ancram  or  Living- 
ston mines  were  worked  in  the  early  part  of  the  nineteenth  century,  and 
again  about  1853.  The  vein  was  very  narrow  and  never  proved  remuner- 
ative, although  it  was  extensively  prosjiected.  There  are  two  districts 
in  New  York,  however,  which  have  been  the  scenes  of  real  mining.  These 
may  be  called  the  Shawangunk  and  the  Rossie  districts.  The  former 
comprises  the  mines  at  Ellenville,  Wurtzboro,  and  Guymard,  which, 
although  in  different  counties,  are  rather  near  together,  in  the  south- 
eastern part  of  the  State,  and  are  of  similar  character.  Unfortunately, 
complete  statistics  of  the  output  of  these  mines  are  unavaila])le. 

In  the  western  corner  of  St.  Lawrence  County,  in  the  northern  part 
of  the  State,  a  group  of  veins  occurs  in  Archean  gneiss,  near  Rossie.  They 
were  discovered  in  1835  and  were  worked  at  intervals  during  the  next 
25  years.  The  principal  vein  was  the  Coal  Hill,  which  had  an  average 
width  of  2  ft.,  but  in  some  places  was  4  ft.  wide.  In  position  it  was  nearly 
vertical.  The  gangue  was  principally  calcitc,  in  which  there  were  seams 
of  galena,  irregularly  distributed.  In  1837  it  had  been  exposed  for  a 
length  of  450  ft.  Operations  were  conducted  vigorously  in  the  Coal 
Hill  vein  in  1837  to  1839,  and  again  in  1852.  During  the  first  period 
about  1800  toas  of  lead  were  smelted  in  a  furnace  about  a  mile  distant 
from  the  mine.  The  Victoria  Lead  Co.  operated  a  similar,  parallel  vein 
in  1836  and  1837,  producing  524  toas  of  lead.  This  vein  also  was  reopened 
in  1852.2     At  that  time  the  Great  Northern  Lead  Co.  leased  the  chief 

'  Trans.  Am.  Inst.  Min.  Eng.,  VIII,  .344. 

2  Winslow,  Lead  and  Zinc  Deposits,  vol.  I,  p.  120.  Report  of  Missouri  Geolog- 
ical Survey,  vol.  VI. 
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l)Ut  sti('<i*.sM  (liK'.H  lint  a|>|H>ar  t«i  have  foll«i\v(Ml  this  vciittin*.  l>iiriiiK  the 
t'ivil  War  the  miiM'.s  were  worke«l  l>y  the  Mineral  Point  lx'a<l  Mining  Co., 
which  also  liad  mines  on  the  south  short*  of  Mhuk  I^ike.  At  that  time 
the  hi^h  prirr  for  lea<l  had  starte<l  tip  at  l(>:Lst  two  other  mitit^s  in  the 
rD);ion,  one  near  the  viUa^e  of  Maeomli  and  the  other  in  the  town  «if  (jnu- 
vernetir,  near  Ik'aver  Cn-ek.'  Sini-e  ISI'm  nuthin^  Iwis  Ut-tj  done  in  this 
district. 

The  nnnes  of  tlie  southe:u<tern  part  of  New  V«irk  are  situated  in  the 
Shawangunk  and  adjacent  mountains,  which  arc  spurs  of  the  Catskills. 
At  several  placrs  in  this  n'^ion  there  are  fisstire  veins  of  similar  i-haracter. 
They  arc  nearly  vertical,  in  hard  sandstone  (»r  grit,  and  arc  from  two 
to  five  feet  in  width,  the  ore  Ikmu^  galena,  with  which  arc;  :iss(M'iate<l  blende 
and  pyrite  (occasionally  chalcopyrite  also).  As  mined,  the  <»re  is  hiw 
prade,  concentration  Ikmuj;  necessary  jus  a  preliminary  to  smelting.  There 
Ls  a  difference  of  opinion  as  to  whether  these  are  "fjash  veins"  or  pmfound 
llssun's. 

At  Kllenville.  lister  County,  a  niine  wjus  worked  first  in  1K2(),  ami 
later  apain,  hut  with  little  success.  St>veral  veiits  in  this  vicinity  were 
worked  al>out  ]S.'t\,  ami  two  St-otch  hearths  were  erected  for  smeltiriK 
the  ore.  Near  Hedhritipe,  in  the  same  county,  a  similar  vein  was  worked 
in  1K;J7. 

At  (luymard.  near  Port  Jervis,  in  Oranjie  County,  a  vein  of  lead  ore. 
said  to  have  l)eon  rich,  was  found  alniut  1K,*>S.  Mining  was  still  lx>inf( 
done  there  in  IS6S,  an<l  a  large  (juantity  of  lead  had  l>een  taken  out.' 
According  to  Dr.  C«M»k,  this  <liscovery  cau.sed  a  good  dral  of  excitement 
in  the  neiKhl>orh<M)d,  and  led  to  an  extensive  .search  for  similar  veins, 
which  pn»ved.  however,  to  l>c  profitle.ss,  although  small  «»ccurrences  of 
ore  were  found  at  various  places. 

The  (Juymard  mine  wits  ojieratcd  by  the  I*>ie  l^ea*!  Co.  It  wjus  o|x»ne<l 
extea><ively,  there  h.iving  Ix^en  several  shafts  sunk  on  the  vein,  one  <if 
them  to  a  depth  of  KM)  ft.,  while  two  adit  levels  were  driven.  The  Im-a- 
tion  of  the  nune  w:»s  almost  iileal,  the  vein  InMng  cn».»y*ed  by  the  trarks 
«»f  the  Krie  niilway.  The  buildings  an<l  other  works  still  retnaining. 
together  with  the  magnitude  of  the  wjwstc  dun)|»<,  are  evidences  that  oper- 
ations were  conducted  on  a  coasitierabic  scale.  The  \*ein  did  in«leo<i 
possess  considerable  longitudinal  extent.  The  ore  wjls  dre.H.sed  at  the 
mine,  and  the  cotircntrate  w:ls  partly  smelted  there,  partly  shipfied  to 
Newark,  where  the  lialbaeh  smeltery  had  lieen  established  a  few  years 
previously. 

•  C.  II.  Smyth.  Jr.,  Srh-J  oj   Mtnr*  Qtiarlrrly.  July,  VMX\.  pp    42S  429. 
'Geonte  II.  Cook,  (i«olci|ty  of  New  Jcrary,  p.  H7  (puMishnl  in  1M8). 
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MISSOURI 

Lead  f)rc  was  discovered  in  Missouri  in  1700,  and  serious  attempts 
at  mining  were  made  as  early  as  1720.  For  a  century  tliereafter  the 
chief  production  of  lead  in  the  territory  that  now  comprises  the  United 
States  was  derived  from  Missouri;  more  precisely  from  southeastern  Mis- 
souri. The  existence  of  lead  in  southwestern  Missouri  did  not  become 
well  known  until  about  1850;  at  least  no  extensive  prospecting  was  done 
before  that  date;  and  save  for  a  brief  period  of  activity  in  the  vicinity  of 
Granby  from  1855  to  1860,  the  production  of  the  district  did  not  begin 
to  increase  largely  until  after  1870.  Mines  have  also  been  worked  in 
the  central  portion  of  Missouri,  Init  they  are  not  now,  and  never  have 
been,  important. 

The  history  of  lead  mining  in  Missouri  has  already  been  ably  related 
by  Arthur  Winslow  in  his  Report  on  Lead  and  Zinc,  for  the  Missouri 
Geological  Survey,  and  in  the  following  pages  I  shall  make  free  use  of  the 
records  collected  by  him. 

The  first  discovery  of  lead  in  ^Missouri  was  by  Penicaut,  one  of  Le 
Sueur's  party,  which  ascended  the  Mississippi  in  1700.  He  refers  to  a 
mine  reached  by  the  Meramec  River,  about  50  leagues  west  of  the  Missis- 
sippi, and  west  of  Ste.  Genevieve,  whence  the  Indians  got  lead.  It  is 
to  be  inferred  from  this  vague  description  that  the  locality  may  have  been 
somewhere  in  Crawford  County.  The  existence  of  lead  in  Missouri  evi- 
dently attracted  attention  in  France,  since  Louis  XIV  in  1712  granted 
the  Crozat  patent  with  special  privileges  as  tf)  the  discovery  and  opera- 
tion of  mines  in  the  then  territory  of  Louisiana.  Little  or  nothing  was 
actually  done,  however,  until  the  transfer,  in  1717,  of  this  patent  to  the 
Company  of  the  West,  known  better  as  the  Mississippi  Company,  pro- 
moted by  John  Law,  which  immediately  prepared  for  active  operations. 

About  the  first  effort  was  made  near  the  Meramec,  by  Sieur  de 
Lochon,  in  1719.  He  found  ore,  but  his  attempts  to  smelt  it  were  failures. 
A  few  other  attempts  made  at  about  the  same  time  were  also  unsuccess- 
ful. These  early  adventurers  expected  to  find  in  Missouri  not  only  lead 
but  also  silver.  It  is  known  now  that  none  of  the  lead  ore  of  Missouri 
contains  more  than  an  insignificant  proportion  of  silver. 

In    1719,    according    to    Schoolcraft,*    Philip    Francis    Renault    was 

'  A  View  of  the  Lead  Mines  of  Missouri,  p.  19  (New  York,  1819). 
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apfxiintrd  (lirt'ctor-nrnonil  of  the  imiu-s  oi  the  ( <>in|»:iny  of  the  \Vo.st,un«l 
|»nHT«'<U'il  to  I/>iii.si;iu;i  witli  IMK)  artisans  ami  iiuihtn,  taking  on  at  St. 
Domingo  5()0  nlavcs  for  workinj;  tin?  ininos.  With  Kcnuult  raine.  acr»)nl- 
inji  to  ofw  arcount.  a  inini'ralocist  by  nam*'  of  I^i  Mottc.  Hcnaiilt  oHtab- 
lif<hiMl  hiin.M'lf  nrar  K;i.sk:i.skia  in  172(),  whriue  hr  sont  out  exploring 
parties,  orje  of  whirh  <li«rovere<l  the  ilefxtHit.s  near  Fre<leri<kt«»\vn,  Madiivin 
County,  now  ktiown  :v*  Mine  l:i  .Motte.  which  name  wxs  a(-<|uinMl  liy  their 
having  l»e«*n  worked  to  a  .small  e\t<'nt  umler  M.  l*:i  M«itte.  A<(*or«ling 
t<i  another  arrotmt,  .M.  tie  la  .Mottc  Cadillar  arrived  in  I^ouisiana  in  ITl.'J 
with  r«»mmi.H.xion  iis  governor  an<l  romliHted  in  171'>  an  e\pcMlitic»n 
for  the  .M'areh  of  .silver  mine.s  into  the  country  of  the  Illinois.'  ri'twrning 
with  fine  .s|»e<imcn.s  of  lead  ore;  it  i.s  8np|K).se(l  that  .Mine  la  .Motto  wan 
discovered  o!j  this  expedition.  La  .Motte  ri'.sigried  its  governor  in  \7\'J.  an<l 
returned  to  Trance.  .\t  all  event.s,  .Mine  la  .Mottt;  wjus  undouhtedly  the 
first  lead  mine  to  1k»  .seri<»usly  exploited  in  .Mi.s.so>iri.  Old  Mine  and  .Mine 
Renault,  near  Totosi.  were  di.scovered  l>etween  1721  and  17'J(».  an<l  mining 
wjis  U'gun  at  a  numU'r  of  pla<-es. 

Renault  wa.s  apparently  the  prime  mover  in  early  mining  in  .Mi.ssouri. 
He  had  sticceeded  in  huilding  up  a  fl<iurishing  mining  and  smelting  in- 
dustry, the  pnnluct  l)eing  shi|>|K'd  naturally  to  France  via  New  ()rlean.s, 
when  the  failure  of  I^iw's  company  brought  alnnit  a  ce.ssi«»n  of  its  charter 
to  the  ('n»wii  in  17.'n.  Renault,  who  had  re<cived  as  early  i\s  1723  grants 
covering  tla-  Mine  la  .M«)tt<'  and  other  tract.s,  remained  in  Mi.s.souri  until 
1712.  when  he  abandoned  his  work,  roturnetj  to  I'rance  and  thus  ter- 
minated the  first  [leriod  of  mining  in  Missouri. 

From  1712  to  17r»2  mining  was  feebly  pro.secutod  by  the  French  at 
Mine  la  Motte.  Old  .Mines,  and  Mine  :l  (lerlxire,  all  of  which  had  l»een 
dLscoven*<l  in  Renault's  time.  In  17<>.'?  the  .Mine  :i  Murton  was  di.sc(tvered 
nt  I'otosi  by  Francis  Burton,  and  work  was  U'gtui  there  at  once.  Other 
dLseoverieH  were  made  Ho<m  afterward  in  the  sanic  vicinity. 

During  the  next  .'M)  years  lead  mining  was  pn»secuted  on  a  small  scale 
at  various  places  in  Missouri,  chiefly  tiiose  whi<h  have  Uvn  pn'vii»usly 
mentioned.  Shortly  after  17*J5  s<imc  new  discoveries  were  nuide.  The 
Mini's  a  I^anye.  alniiit  1(»  miles  south-southea.-t  of  I'oto^i,  were  uncovere<i 
in  17I>.'>;  the  Mint;  a  .Manet*),  or  American  mines.  «»n  Mig  River,  aUmt 
12  miles  southe.'tst  of  I'otosi.  in  17W;  and  .Mine  Tt  I.n  Platte,  near  the 
tMiuthe.'Lstern  corner  of  Wjishington  County,  als«»  in  \7W. 

Ip  to  this  tin)e  the  le.id  ore  mirH'd  in  Mi.s.Houri  wjis  entirely  galena, 
ocrtirring  aa  deposits  in  day.  the  rharaetor  of  which  has  lioon  prrvioiLnly 
descril>ed.  Similar  <le|)osits  have  Invn  w«)rke«l  in  Wjushington  Cotmty, 
in  the  vicinities  of  Palmer,  Potosi,  and  «'l.sewhen\  within  (piito  n'cent  time, 
and  occasionally  arc  fount!  an<l  dtig  even  at  the  present.  The  early  open- 
<  William  II.  Pulsifrr,  Notes  ff>r  a  Ilutory  uf  haul,  pp.  KU  Ul. 
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ings  were  very  shallow,  being  seldom  over  10  ft.  in  depth.  The  ore, 
cleaned  of  clay  by  hand,  was  smelted  either  on  log  heaps  or  in  a  rude 
construction  known  as  the  log  furnace.  According  to  Schoolcraft*  this 
furnace  was  built  against  the  side  of  a  hill  sloping  about  45°.  Three 
large  oak  logs  were  rolled  into  the  furnace  transversely,  resting  on  the 
ledges  at  the  sides.  Small  split  logs  were  set  up  vertically  around  the 
inside  of  the  furnace,  after  which  a))()ut  5000  lb.  of  ore  in  pieces  averaging 
15  lb.  weight  were  piled  up  in  the  furnace,  covered  with  logs,  and  the 
fire  started.  Metallurgically  the  method  of  smelting,  which  was  lead 
smelting  in  almost  the  most  primitive  manner,  is  to  be  classed  as  a  roast- 


The  Log  Furnace. 


reaction  process.  The  fire  was  kept  low  for  about  12  hours,  during  which 
the  roasting  took  place.  A  stronger  heat  was  then  maintained  for  12 
hours  more,  to  effect  the  reaction,  during  which  period  lead  trickled  out 
into  a  basin  in  front  of  the  furnace.  Sometimes  the  reaction  period  would 
have  to  be  extended  to  24  hours,  this  depending  largely  upon  the  skill 
of  the  smelter.  As  may  be  imagined,  the  extraction  of  lead  by  this  crude 
process  was  very  imperfect.  If  we  may  judge  from  the  ore  obtained 
nowadays  from  similar  deposits,  the  grade  of  the  mineral  early  won  was 
likely  upward  of  80%  lead,  or  1600  lb.  per  ton.  The  yield  of  lead  from 
a  ton  of  ore  smelted  in  the  log  furnace  was  only  700  to  800  lb.,  or  less 
than  50%  of  the  lead  in  the  ore.  By  the  methods  of  smelting  now  in 
use  an  extraction  of  98%  of  the  lead  is  attainal^le. 

A  noteworthy  event  in  the  history  of  lead  mining  in  Missouri  was  the 
arrival,  in  1799,  of  Moses  Austin,  who  had  formerly  operated  the  mines 
at  Wythe\'ille,  Va.,  and  knew  more  about  mining  and  smelting  than  did 

1  Op.  cit.,  p.  93. 
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the  Missoiirians.*  Mr  nhtaiju'il  :i  ^.tauI  <»f  (»no  loHjruo  sf|uaro  at  Potirtii, 
ill  ('(ULsiiU'ratiun  »it'  wliicli  lit*  w:us  to  cnMl  a  fiiriia**'  ami  otln-r  workM; 
this  he  tli<l  in  the  foIUiwin^  year.  Austin  iiitnHliued  what  wiw  calltMi 
the  "jush"  furnacr.  which  wjus  (i("<i^iKMl  t«»  stipploinrnt  the  I«tn  furnare. 
It  was  im|x>sf<iltle  t<»  attain  a  p»<i»l  n«artioM  from  <»re  iis  marst;  jw  that 
which  wjis  charnetl  into  the  Ior  furnace.  an«l  the  I<»ss  of  lead  wiw  hir^ely 
due  to  its  itiMiaiuiu;:  uiin'»hi('e«l  in  tho  <intlors.  <»r  jushos.  left  in  the  fur- 
nace. Austin  rrushcii  these  ashes  moderately  fine  and  charned  tlieiu 
int<J  the  ash  furnace,  which  w;ts  a  rude  nverlx-ratiiry  with  a  slofMng 
hearth,  wherein  they  were  heftte«l  alMiut  two  hours,  extending  the  reaction 


Tin-  A^h  Furnaci'. 


left  incomplete  in  the  lop  furnace.  In  this  way  an  additional  extraction 
of  alK>ut  15'  i  wjus  effecte*!.  The  furnace  wjus  huilt  of  limestone  and 
histcd  only  l'>  to  2()  days  <tf  continuous  work,  hut  in  view  of  its  low  first 
cost  this  WJUS  not  a  serious  matter.  At  the  time  of  Austin's  advent  there 
were  alH)Ut  20  lop  furnaces  in  operation  near  I'otosi.  They  could  not 
successftilly  com|x«te  with  a  smelter  who  coulil  extract  1")'\'  more  metal 
from  the  same  <»re.  and  in  1S()2  only  one  of  the  old  furnaces  wxs  running. 
Austin  also  erected  a  shot  tower  in  17iH).  an<l  a  j)lant  f«»r  the  manufacture 

'  Tlio  fdllowiii);  l>i(i(rmphiral  skrirh  of  M<»<io««  Atmtin  Ii.im  lioon  kin<IIy  mmtnunirntp*! 
to  nw  \>y  Mrs.  Ivlwani  W.  I'jirkrr.  nf  Wtudiinjiton,  I).  ('.,  one  of  lu.s  il«'!«r»<n«l!ints: 

8tcph«'n  Aiw»tin  w.-w  Iwm  in  Novoinlior.  1747.  and  bin  l>rf»tlM>r  Mcimv  in  Ortolur, 
1701.  l>oth  lit  Ihirhnin.  Conn  ;  Ihrir  father.  KlinM.  hnvinK  mov«Hl  thom  fmm  hi»  liirth- 
placr,  Siiffirltl.  of  which  pliir«>  hin  f;mnilf.'ilhrr.  Anthony,  wtu*  ono  of  lh«'  original  wt- 
tlcn*.  ,\nlhony  Austin  muw  to  Anwrim  with  hi.-  father,  llirhanl.  when  a  lioy  of 
thirtfvn,  bmling  at  ('hiirl«>stown.  Moms  .  in  May,   ■<  138 

Stephen  Austin   lN>canir  an  importer  uf  I'Ji^lidh  rluthii  in  PhiLulelphia,  and  na.i 
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of  sheet  lead,  from  which  the  arsenals  of  New  Orleans  and  Havana  were 
supplied.*  To  Austin,  moreover,  is  due  the  credit  of  having  inaugurated 
mining  in  the  rock  of  the  district,  he  having  sunk  a  shaft  to  the  depth 
of  SO  ft.     Previous  to  that  all  the  mining  had  been  done  by  open  pits. 

We  are  fortunate  in  having  a  rept)rt  by  Moses  Austin  himself,  made 
in  1804,  which  is  an  excellent  exposition  of  the  condition  of  lead  mining 
in  Missouri  during  the  five  years  immediately  preceding  the  purchase 
from  France.  "  This  report  was  entitled  "  A  Summary  Description  of  the 
Lead  Mines  in  I'pix'r  Louisiana,"  and  was  prepared  at  the  request  of 
Capt.  Amos  Stoddard,  first  civil  commandant  of  Upper  Louisiana.  Moses 
Austin  evidently  visited  Missouri  for  the  first  time  in  1797;  at  all  events 
he  states  that  it  was  in  that  year  that  he  first  knew  the  Mine  a  Burton. 
In  1798  he  obtained  a  concession  of  "one  league  in  superfice,  compre- 
hending about  one-third  part  of  the  mine  (on  condition  he  should  erect 
a  smelting  furnace,  and  establish  a  lead  manufacture)."  In  June,  1799, 
Austin  removed  his  family  to  the  mine. 

The  mines  known  in  Missouri  in  1804,  according  to  Austin,  were 
Mine  a  Burton,  Mine  a  Robuna,  Old  Mines,  Mine  Ranault,  Mine  a  Maneto, 
Mine  a  la  Plate,  Mine  a  Joe,  Mine  a  Lanye,  Mine  a  la  Mott,  and  Mine  a 
Gerbore.  Not  all  of  these  mines  were  being  worked.  The  most  pro- 
ductive was  the  Mine  a  Burton,  after  which  the  Mine  a  la  Mott  and  Old 
Mines  ranked  in  the  order  of  mention.  The  produce  of  all  the  other 
mines  together  was  insignificant. 

Austin's  description  of  the  occurrence  of  the  mineral  was  substantially 

joined  there  in  1783  l)y  Moses,  who  the  next  year  estaVjlished  a  branch  house  in 
Richmond,  Va.,  under  the  firm  name  of  Moses  Austin  &  Co. 

In  Richmond  he  heard  of  the  abandoned  lead  mines  of  Chiswell  in  Wythe  County, 
and  induced  his  l)rother,  Stephen,  to  purchase  them  with  hini.  Stephen  Austin 
remained  in  Philadelphia  and  Moses  worked  the  mines.  He  was  there  in  the  summer 
of  1789,  perhaps  earher. 

The  failure  of  the  Philadelphia  house  in  179G  or  1797  broke  up  Moses  Austin's 
mining  operations  in  Virginia  and  the  jjroperties  there  were  sold.  He  had  heard  Ijy 
chance,  in  1796,  of  rich  lead  deposits  in  the  French  territory  below  St.  Louis,  and  in  1797 
.set  out  to  learn  the  truth  of  the  reports.  Being  satisfied  with  the  showing,  he  se- 
cured a  grant  of  three  miles  square,  returned  to  Virginia,  and  removed  from  there 
permanently  with  his  family  in  1799. 

For  twenty-one  years  he  labored  and  built  up  a  large  fortune,  which  was  lost  in 
the  failure  of  the  Bank  of  St.  Louis,  of  which  he  was  a  large  stockholder.  Again  he 
saw  his  works  and  home  sold,  and,  then  a  man  of  fifty-eight,  thought  of  a  new  way 
to  build  up  his  fallen  fortunes.  He  had  heard  of  Texas  from  Zebulon  Pike,  and  in 
1819  struck  out  alone  to  cross  another  wilderness  to  the  outpost  of  Spanish  govern- 
ment in  the  southwest,  San  Antonio  de  Bexar.  He  returned  after  months,  with  a 
large  land  grant  and  permi.ssion  to  settle  three  hundred  American  families  in  Texas, 
but  died  June,  1820,  as  the  result  of  the  journey,  l)efore  the  setting  out  of  his  colo- 
nists.     His  pLins  were  carried  out  by  his  .son,  Stephen  F.  Austin. 

'  Winslow,  op.  cit.,  p.  271. 
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as  \\v  kii'iu  li  i«»  U'  fn»m  n-irni  t.ii-,rr\;iii<iii>  <>i  -.uim.ir  dcprwit'*  mined 
ut  tilt'  |>rfM'tit  tiiiir.  Ai.Mi  tlu>  iiu*tl>«)<l  of  rniiiiiiK  the  Hti|N>rti«'i2il  (le|MihitM 
then  wius  idcMtliciil  with  that  of  the  i)n>Hciit  time.  Austin  deM^rilietl  two 
({Unhties  t>f  mineral,  viz..  Kravrl  and  fos.sil  mineral.  The  ^ravi'l  mineral 
\v:us  found  inuii('diat4'ly  under  the  soil  in  pii'tcs  of  1  11*.  t^i  'i()  lit.  weight. 
After  pjuvsinj!  through  the  gravel,  which  is  mmnionly  from  .'}  Ut  4  ft.,  in 
ft>und  a  sand  nnk.  continuing  .')  <»r  (i  ft.  more,  ami  containing  mineral 
nearly  of  the  same  ijuality  lus  the  gravel.  Inder  the  sarul  n»<k  mineral 
of  the  first  tjuality  wa.s  f«»und  in  a  UmI  of  red  clay  in  |)icce.s  <»f  10  t4)  'AH) 
ll».  wrifiht.  This  l;i.st  mineral  produced  (M)' ,'  of  it.s  weight  in  lead  when 
smelted  in  a  common  furna<e.  and  l."i'  <  more  when  smelted  a^ain  in  a 
slajj  furnace.  The  gravel  mineral  would  not  jmiduce  nmre  than  <iU% 
lead  when  cleanly  smelted. 

When  .\ustin  first  knew  the  Mine  a  Burton,  in  I7'.»7,  the  French  smelted 
their  mineral  in  stone  furnaces,  somewhat  similar  to  lime-kilits.  "  .\t 
the  l)ottom  they  put  a  floor  of  the  largest  l<»frs  to  lie  foiind.  .setting  smaller 
ones  nmntl  the  sides  of  the  furiuice.  In  a  furna<e  thus  arran^eil,  is  put 
fnim  three  to  five  thousand  |)ounds' weight  of  mineral:  and  a  fire,  l>einK 
lighted  under  the  iMtttom  of  the  furnace,  is  kept  up  until  the  mineral  is 
entindy  smelted,  burnt  or  lost  in  the  a.shes.  In  this  way,  each  mim-r 
smelted  his  own  mineral,  extracting  alM)Ut  MH)  ll>.  «»f  lead  from  each  UXK) 
II).  weight  of  mineral."  In  17US  there  were  20  French  furnaces  at  .Mine 
:i  Hurt«>n,  Imt  in  1S02  only  one  wjus  in  use,  the  miners  having  found  it 
more  advantageou.s  t<»  sell  their  ore  to  .\ustin  than  to  smelt  it  themselves. 

The  time  for  working  the  mines  wa.s  from  .August  t<>  I)e<'eml)er.  "  After 
harvt»st  the  inhaliitants  of  .*^t.  (lenevieve  antl  .N.  Hurinin  n'.sort  to  the 
mines;  the  rich  sentl  their  negn»es,  and  the  jxior  cla.'vs  de|NMid  on  the  mines 
t4»  furnish  them  with  lead  to  p\inha.si'  all  im|x»rted  arti<les.  I'rom  the 
middle  of  .\unust  to  the  fifteenth  or  tw«Mi(ieth  of  I)«'ccmU«r  there  are 
from  10  to  .')0  men  employed  in  <linKing  nuneral:  the  remain<ler  of  the 
year  hut  little  mineral  is  drawn  fn)m  the  mines,  and  Init  few  hantls  em- 
ployed. Fn»m  IT'.JS  to  Iso:{  the  average  (piantity  of  mineral  may  Ik? 
KUite<l  at  .').'>0.(KM)  to  (i<K).(MM)  Ih.,  French  weight,  each  year.  pn»cure«l  in 
four  months  l»y  not  more  th.*in  .'»<)  men.  The  same  nun)U>r  «»f  hands 
employed  the  year  n»un<l  would  pntdtice  at  least  fifte<'n  to  sixteen  hun- 
«lrt*d  thousand  |iounds,  making  proper  allowance  for  spring  rains." 

.Vustin  gives  some  a<lditio[ial  information  jus  to  the  methods  ^>i  smelt- 
ing. At  the  Mine  a  Manet4»  comparatively  low  grade  ore  w:is  mined, 
the  mineral  occurring  in  thin  flakes  in  a  layer  of  wift  gray  limestone. 
The  ore  w.is  |nmnded  and  wxshetl,  KKH)  II..  yiel.ling  300  to  4(M)  Ih.  <.f 
mineral.  This  is  inten*sting  jls  an  early  exaniple  <»f  »»re-dressing  prac- 
tice. The  pnicess  yielde<l  hut  little  pnifit  t«»  the  ojierators,  hut  Austin 
W.1S  of  the  «i|)inion  that  ex|>erienced  workmen  cnuld  «»l»tain  a  hand.s4>me 
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profit.  At  the  Mine  a  la  Mott^  the  mineral  was  found  in  "regular  veins, 
from  two  to  four  feet  solid,"  found  within  four  or  five  feet  of  the  surface, 
"with  a  declination  of  45°."  Five  of  these  veins  had  been  opened  and 
wrought.  They  could  not  be  mined  dcej:)er  than  25  ft.,  and  to  that  depth 
onl}'  in  the  dry  season.  "  Notwithstanding  the  French  inhabitants  of 
this  country  have  followed  the  mining  business  upward  of  80  years," 
said  Austin,  "yet  they  have  not  advanced  in  the  art  of  smelting  a  step 
beyond  their  ancestors.  The  methods  they  pursue  bespeak  their  sur- 
prising ignorance.  As  the  Mine  a  la  Mott  differs  from  those  already 
described,  so  does  their  mode  of  smelting.  The  first  process  is  by  depos- 
iting the  mineral  in  a  pile  of  logs,  after  the  manner  sea  shells  are  burnt 
to  lime;  the  piles  being  set  on  fire  and  consumed,  the  quantity  of  lead 
produced  is  5%.  It  is  then  put  into  a  furnace  of  stone,  such  as  before 
described;  from  this  process,  if  well  attended,  is  produced  15%  more. 
After  this  second  burning,  they  consider  the  mineral  in  a  proper  state  for 
smelting.  Therefore,  collecting  it  from  the  ashes,  they  again  put  it 
into  the  furnace,  arranged  with  logs  at  bottom  and  sides,  and  make 
an  end  of  smelting.  From  the  last  process  they  commonly  obtain  about 
15%,  making  35%  the  greatest  quantity  obtained. 

"  At  the  Mine  a  la  Mott  is  also  found,  in  beds,  what  the  miners  call 
gravel  mineral.  .  .  .  This  mineral,  after  an  imperfect  washing,  is  put  into 
a  furnace,  where  it  is  suffered  to  melt  into  a  slag,  no  attempt  being  made 
to  create  a  fluxility  of  the  metal  from  the  dross.  It  is  then  put  into  a 
furnace,  not  unlike  a  miller's  hopper,  with  a  grate  at  bottom;  underneath 
a  fire  is  lighted,  and  continued  until  the  slags  are  all  melted,  and  a  partial 
fluxion  effected.  This  mode  of  smelting  produces  about  250  lb.  of  lead 
to  1000  lb.  of  mineral.  Notwithstanding  the  immense  loss  in  smelting, 
the  richness  of  the  mines  and  the  small  expense  in  obtaining  the  mineral 
leaves  an  astonishing  profit  to  the  proprietors." 

Austin  estimated  the  average  annual  production  of  all  the  mines 
for  the  years  1801-1803  as  follows:  Mine  a  Burton,  550,000  lb.  mineral, 
e.stimated  to  produce  366,667  lb.  of  lead,  worth  (at  $5  per  cwt.)  S18,333; 
Old  Mines,  200,000  lb.  of  mineral  =  133,333  lb.  of  lead,  worth  $6,666.67; 
Mine  a  la  Mott,  200,000  lb.  lead,  worth  $10,000;  all  other  mines,  30,000 
lb.  lead,  worth  S1500;  total,  $36,500.  To  this  was  added  $3600  as  the 
increa.sed  value  of  120,000  lb.  of  lead  manufactured  into  shot  and  sheet 
at  Mine  a  Burton.  The  number  of  men  engaged  in  the  industry  was 
about  150,  of  whom  120  worked  about  four  months  and  the  remainder 
the  year  round.     Each  man  averaged  $43  per  month. 

Au.stin  was  extremely  optimistic  as  to  the  future  of  lead  mining  in 
this  territory.     He  considered  the  time  to  be  not  far  distant  when  it  would 

>  Austin  uniformly  refers  to  the  Mine  la  Motte  in  this  way.  Also  he  spells  the 
name    "Renault,"    "  Ranault." 
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funiish  loiul  .sunicicnt  "not  only  for  tl»o  ron.su mpt ion  of  iIm>  I'nitcHj  StutcD, 
but  all  l*)un»|K\  if  ni«Mionite  rnr<»unin«Mnoiit  i.s  >;iv<'n  l>y  novrrnnionl, 
and  |)n)((H-tioii  against  l\\v  Osji^c  In«litin.s,  who  yearly  jtlumlcr  tin*  in- 
liaMlants."  However,  as  we  know,  the  hlutistiori  f«tr  the  next  2()  years 
fell  far  short  uf  U^arin^  out  this  fore<juHt, 

Some  of  Austin's  ol>servations  jus  lo  genenil  ronditions  an*  of  much 
historical  value.  The  Spanish  government  had  allowtnl  the  inhabit antri 
to  work  on  public  lands  fnn'  from  any  kind  of  tax.  .Vast in  rec(unmended 
the  payment  of  a  small  tax  to  the  ( Ittvernment.  lie  noted  that  surveyH 
of  all  the  lands  worthy  «»f  noti«e  had  lately  Ihhmi  made  (.Vastin's  n"|K»rt 
was  datiii  I'eb.  bJ.  1S()I).  by  order  of  the  unvernor  of  .S(.  I.^Miis.  with  an 
intention  to  include  ev«'ry  s|M»t  of  land  supiMLsi^l  to  contain  mineral, 
theso  surveys  amount  in);  to  thirty  or  forty  thou.sjind  acres.  The  Mine 
la  Motte  at  this  time  was  claitiUMJ  as  privatt-  projK'rty,  as  wen*  also  otlwrs 
of  the  early  di.scoveries. 

.Vmericans  lie^an  to  move  into  Mi.ssouri  alM»ut  the  ciul  «>f  the  eiphte<'nth 
century;  after  the  |)unha.s4>  of  the  I.,ouisiana  territory,  in  iSOiJ.  the  influx 
of  the  Americans  U'came  very  lar^e.  This,  together  with  the  improve- 
ments in  mining  nnd  smelting,  letl  t(»  an  im|>ortant  development  in  the 
lead-mining  indastry,  with  the  result  that  the  output  «»f  pig  lea<l  during 
the  first  two  <leca<les  of  th«'  nineteenth  <entury  is  estimateil  to  have  aver- 
afje»l  not)  tons  ]tcr  atmum.  Of  this,  al)out  *J'>()  tons  |)er  annum  wen* 
derive*!  from  the  .Mine  i\  Burton,  and  approximately  2.'>()  tons  from  the 
Mine  la  M«itte.  Mills  e.stimates  that  the  latter  proiluce*!  4(HK)  tons  from 
IS()4  to  ISIU.'  Ju.st  previous  to  1S()4,  however,  the  tiutput  wn.s  only 
alM)ut  UK)  tons  [x»r  annum,  a  great  falling  «>ff  fn»m  what  was  <lone  earlier, 
attributable  to  the  fact  that  the  mine  was  then  claimeil  as  private  pro|>- 
erty  and  the  residents  were  not  allowe<l  to  nune  ori's  then'on,  when*as 
f<»rmerly  it  had  Uh*!!  considen^l  public  projuTty.  At  the  Mine  :i  Murton. 
which  attained  its  maximmn  pro«luction  U-tween  1S<)4  and  IS<)S,  alN»ut  JtN) 
men  were  employe<l.  Among  the  new  «li.sroveries  during  this  {leriiNi  were 
the  Mine  :i  .h»e.  l.-iter  callnl  the  B«»gy  niine,  near  I><>sloge,  St.  Fnnujois 
County,  in  ISO!:  the  .Mine  :i  Maditi,  4.0  miles  east  of  i'otosi.  Washington 
County,  in  !SO:j;  New  Diggings,  near  I'otosi.  in  IS(K»;  the  Haw!  Kun  mines, 
alxnit  five  miles  northeast  of  lionne  Terre,  St.  Fniiu^ois  County,  in  l.so<]: 
the  .SlubJMilet!)  mines,  near  Ca«!et,  \Vashingt«»n  County,  in  IS!  I;  ll»e 
Fourche  a  C<»urtoiM  mines,  at  Palmer.  \V:ishington  County,  in  ISM;  and 
others  of  less  inifxirtance.  The  niines  at  Palmer  an<l  Catlet  have  l>een 
worke«l  more  <»r  less  continuously  since  their  discovery,  and  are  still 
pnxluctive.  Tlie  Shililnileth  mine  is  rretlite*!  with  a  pnMlurtion  «)f  'J54K) 
tons  of  ore,  efpiivalent  to  I.Vl'J  t«»ns  of  metal  in  its  first  year.  TowanI 
the  end  of  tlie  s«Tond  iI<M'ade  of  the  ninete<>nlh  centJiry  mining  in  south- 
I  (M><>l(i(;iml  Kr|Mirt  im  tlir  MiiM>  In  Mottr  t^talr,  p.  A(i. 
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eastern  Missouri  h:ul  attained  considerable  importance.  In  1819  School- 
craft cited  45  mines  worthy  of  note  which  were  then  working  or  had 
been  worketl;  there  were  27  in  operation,  givina;  eni])l()yment  to  1130 
men  for  more  or  less  portions  of  their  time,  that  numljcr  iiichuliug  miners, 
smelters,  smiths,  teamsters,  etc. 

Technically  there  was  little  or  no  improvement.  The  work  was  of 
an  intermittent  character,  being  prosecuted  chiefly  during  three  or  four 
months  of  the  year  when  there  was  nothing  to  do  on  the  farms.  The 
method  of  mining  continued  to  be  primitive.  Most  of  the  ore  was  won 
from  the  superficial  deposits  in  the  clay.  Few  shafts  were  sunk  into  the 
rock,  and  none  deeper  than  the  80  ft.  which  Austin  sunk.  The  only 
tools  used  in  1811  apjjear  to  have  been  a  pick,  a  wooden  shovel,  and  a 
sledge-hammer  to  break  the  rock,  but  in  1819  Schoolcraft  refers  to  the 
drill  being  used  for  blasting.  In  smelting,  the  log  and  ash  furnaces  con- 
tinued to  be  used,  without  improvement,  a  practice  which  Schoolcraft 
condemned  strongly  and  recommended  the  substitution  of  blast  furnaces. 
The  pig  lead  was  carted  to  Ste.  Genevieve  during  the  early  years,  but 
after  the  establishment  of  Herculaneum  about  half  of  the  product  was 
taken  there,  where  in  1818  three  shot  towers  were  erected  on  the  river 
bluffs,  the  shot  being  made  by  letting  it  fall  down  the  banks.  From 
Ste.  Genevieve  and  Herculaneum  pig  lead  and  shot  were  shipped  to  New 
Orleans,  Philadelphia,  and  New  York,  the  output  being  estimated  by 
Schoolcraft  in  1819  at  about  1500  tons  per  annum. 

The  value  of  lead  at  Philadelphia  in  1819  was  6  c.  per  lb.;  at  New 
Orleans,  5.5  c.  At  the  mines  in  Missouri  it  was  4  c,  which  price  appears 
to  have  been  the  standard  basis  of  settlement  during  this  period.  The 
miner  received  about  2  c.,  and  was  obliged  to  pay  a  royalty  of  $3  to 
$4  per  1000  lb.  of  mineral. 

The  system  of  mining  rights  which  came  into  vogue  during  the  first 
decade  of  the  American  possession  of  the  territory  was  of  great  impor- 
tance in  determining  the  subsequent  mining  practice,  and  its  effects  may 
be  observed  in  Missouri  at  the  present  time.  Under  the  Spanish  domin- 
ion, four  acres  of  land  were  granted  to  all  discoverers  of  mineral.  Else- 
where on  public  lands  all  were  allowed  to  work,  free  from  any  tax.  After 
the  American  purchase,  little  attention  was  paid  at  first  to  mining  rights 
and  naturally  difficulties  arose,  to  remedy  which,  and  also  to  derive  an 
income  from  the  newly  acquired  territory.  Congress  in  1807  passed  a 
law  reserving  all  lead  lands  and  authorizing  the  Governor  of  the  territory 
to  grant  three-year  leases  to  discoverers,  who  were  required  to  pay  a 
certain  royalty.  The  reservations  were  made  from  reports  of  the  Land 
Office  surveyors,  and  because  of  defective  surveys  the  results  were  neces- 
sarily imperfect.  The  Recorder  of  Land  Titles  at  St.  Louis  made  the 
leases.     The  royalty  was  generally  one  tenth  of  the  ore  raised.     The 
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pcriiHlH  of  tlu'  Irase.s  viirusl  fnun  <>no  year  to  two  ycttrs  and  tlie  niyalties 
ainounttMl  to  $.'J  or  $4  jht  I(KH)  Hi.  of  oro.'  TIiIm  Hy.stcm  wjw  iiicfTectivo 
in  print i«T,  frw  iiuihts  takiii;;  tlu;  tnmMo  to  procuri?  Ieji.s<'.s,  tlu^n;  \tt'\uf^ 
no  s|H*cial  am'iit  to  oversee  them.  Rules  were  Knidually  t*stal>lished  by 
custom,  which  wen*  mon*  re^anU'il.  Acconlinj;  to  tlu-s*',  a  jliscoverer 
was  allowe«l  to  ( laim  jinnmd  within  radius  of  25  ft.  of  his  di.>«-overy,  while 
others  wen*  allowiMl  12  ft.  wjuare  of  the  adjacent  ground.  The.se  tracts 
could  l>e  heltl  until  work  was  ai>andone<l.  The  practice  of  leiusin^;  small 
patc'hes  of  laml  and  ilis|)osini;  of  lead  ore  by  the  KXX)  ll».  still  jirevails 
both  in  southeastern  and  s«>uthwestern  Mi.ssouri,' 

The  .siime  loo.v;ene.>vs  regarding  the  leiusinp  and  supervisinR  the  lead 
lands  continued  up  to  1S21.  in  which  year  Lieut.  .Martin  Thoma.s  was 
ap|)ointe<i  l'.  S.  Su|)erintendent  t>f  Mines  for  Mi.s.souri  and  the  West 
genendly,  with  authority  t«)  report  land  for  reservation,  enforce  the  con- 
ditions of  lea.s<>s,  and  protect  the  le.s.sees.  He  apjK'ars  to  have  entere<| 
energetically  U|x)n  the  di.scharge  of  his  duties.  In  lS2r)  he  re|>orte«l 
that  34  new  icjuses  had  lK»en  taken  out  at  the  rcRulation  10'  J  royalty. 
At  this  time  he  estimated  that  the  land  under  reservation,  principally 
aljout   Potosi,  amounteil  to  ir)(),(X)()  acres,  of  which  only  IHXK)  w:i.s  lea-stnl. 

Lieutenant  Thoma.s  pave  .some  data  a.s  to  the  mininj;  and  smelting 
results  of  that  time  (1S2.')).  He  .said'  that  the  Siime  old  tyjK'  of  \*%  fur- 
nace wjui  u.sotl  in  smelting,  and  characterize<l  the  practice  as  crude  and 
wa.steful.  con.suminp  lar^e  (plant it ies  of  fuel  and  yielding;  on  an  averajie 
only  alH)Ut  1240  II).  of  lead  to  the  ton  of  ore.  The  smelters  paid  the 
miners  for  SOI)  lb.  (»f  lead  to  tlie  toi]  of  ore.  The  cost  of  smeltinf;  was 
alM>ut  $4  i>er  ton  of  ore.  With  lead  worth  4  c.  jx^r  lb.,  a  ton  of  ore  would 
therefore  brinj;  $.'i2  to  the  miner,  and  would  afT«tnl  a  pnifit  of  about  $12 
to  the  smelter.  .Miners  made  at  times  as  much  as  $1.')  jx'r  day,  but  only 
alMMit  $1  jK'r  day  on  the  average  Schoolcraft,  on  the  <»ther  hand,  est i- 
mati^l  $2.2.')  as  a  fair  avenge  of  what  a  miner  could  earn  throughout  the 
year.  The  total  numU'r  of  men  employed  in  1S25  was  estimateil  by 
Thomas  as  200(J,  half  of  their  time  l)eing  occupieti  in  farming  ami  half 
in  mining  and  the  acces.sory  work.  The  numU^r  of  mines  had  more 
than  doul)le<l  since  ISIO,  and  wius  increasing  rapidly.  However,  the  Valle 
mim's.  alM)Ut  .-^'ven  miles  northeast  of  Bonne  Terre,  in  St.  Framjois  County, 
locattnl  iit  1.S24,  were  the  only  im|K»rtant  «li.scovery  during  this  |)eri<Ki. 
The  lea«l  conlinuetl  to  l)e  hauled  to  Herculaneum  and  Ste.  (lenevicve; 
after  1S2.'>  als4)  to  S<'lma.  The  hauls  were  long  and  the  roads  in  bad  con- 
(lition.  Lieutenant  Thomas  urge<l  the  con.struction  of  a  Clovenunent  road 
from  Potosi  to  the  Mississippi  River. 

•  .Vmrrimn  iHatr  Vn\irm,   IV,  .'i2rt..'».W. 

■  Th<>  Icutinc  nyxtcin  intruiiiirt^l  liy  (he  Fnlrral  (iovrmmrnt  in  ilinrtuwrd  more  fully 
III  the  milttwiiiirnl  rlui|il«>r  iin  WiM^imniti  »  American  SUitr  Pa|)rr*,  IV,  557. 
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About  1825  there  began  to  be  a  considerable  increase  in  the  lead 
production  of  Missouri,  which  appears  to  have  been  stimulated  by  the 
increase  in  the  value  of  lead  at  about  that  time.  The  method  of  working 
the  mines  remained  essentially  the  same.  The  lack  of  progress  in  the 
methods  was  attributed  by  Lieutenant  Thomas  to  three  principal  causes: 
(1)  the  absence  of  capital  and  skilled  labor;  (2)  the  scarcity  of  labor; 
and  (3)  the  ease  with  which  ore  could  be  obtained  near  the  surface.  In 
the  light  of  modern  knowledge  it  appears  that  the  real  cause  was  the 
character  of  the  ore  deposits.  The  small  nests  of  ore  in  the  superficial 
clay,  which  are  even  now  found  in  the  vicinities  of  Cadet,  Potosi,  and 
Palmer,  are  still  extracted  in  substantially  the  same  crude  manner  as  in 
the  early  part  of  the  nineteenth  century,  and  it  is  the  only  manner  in 
which  they  could  be  extracted  profitably.  Their  location  is  too  uncertain 
to  induce  systematic  prospecting  for  them.  When  located,  they  are  too 
small  to  make  it  worth  while  to  install  any  considerable  plant  for  working 
them,  and  they  are  so  easily  worked  that  no  considerable  plant  is  re- 
quired. These  conclusions  are  also  substantialh'  true  as  to  the  deposits 
in  place  in  the  limestone  country-rock,  at  least  down  to  the  water-level. 
About  the  only  practicable  method  of  working  them  is  through  lessees 
operating  in  a  primitive  way,  who  will  realize  a  profit  where  a  company 
operating  on  its  own  account  would  fail.  Below  the  water-level  a  differ- 
ent system  must  be  pursued,  means  having  to  be  provided  to  pump  out 
the  water  and  hoist  from  greater  depth  than  is  practicable  by  windlass 
or  whim,  but  none  of  these  mines  has  yet  been  worked  below  the  water- 
level,  and  it  remains  to  be  proved  whether  a  profitable  modification  of 
the  present  system  will  be  developed. 

In  order  to  po.ssess  a  thorough  understanding  of  the  economic  history 
of  lead  mining  in  southeastern  Missouri,  explaining  the  wide-sjn-ead  occur- 
rence of  the  ores,  the  ease  with  which  they  were  located  and  mined,  and 
the  long  record  of  production  from  certain  of  the  early  discoveries,  it  is 
necessary  to  consider  the  nature  of  the  ore  deposits,  and  the  method  of 
exploitation.  Inasmuch  as  the  same  kind  of  deposits  are  newly  discov- 
ered and  worked  in  a  primitive  manner  at  the  present  time  we  are  able 
to  picture  accurately  the  early  conditions.  In  this  connection  reference 
should  be  made  to  the  description  of  the  ore  deposits  and  the  methods 
of  mining  in  Chapter  II. 

The  smelting  methods  of  1801-1851  were  obviously  primitive,  yet 
they  were  not  so  inefficient  as  would  appear  at  first  sight.  The  art  of 
metallurgy  is  to  make  the  mo.st  money  out  of  the  ore  presented  for 
reduction;  not  to  achieve  scientific  perfection.  The  smelting  cost  of  $4 
per  ton  of  ore  reported  by  Lieutenant  Thomas  in  1825  is  about  as  low  as  is 
accomplished  with  similar  ores  in  the  best  practice  in  Missouri  at  the 
present  time;  it  is  lower  if  amortization  and  interest  on  plant  be  reckoned. 


The  lo.-vs  of  lead,  ainoiiiiliiiK  to  approxitnatily  J.')'  J  of  the  rontrnt  of  the 
ore  wjuH  hi^h,  but  il  wxs  not  imirh  hijrhrr  than  wuuld  huvc  Imxix  hUfTerttl 
in  nny  other  system  of  sniehinK  nvHihilile  ut  that  time;  in  fact  it  iji  not 
much  hi^hiT  than  is  sufTem<l  with  the  air  funuiri's  iise<|  at  I'ahner  ami 
elsewhere  at  the  present  time.  There  was  not  then  any  market  for  the 
gray  slag,  which  would  have  incn>ased  the  yield  of  lead.  Kclumlrraft 
in   ISpJ  nM-oiniMende<l  the  use  of  Mast  funuic<'s,  hy  which  it  is  in! 

whether  he  meant  S-otch  hearth  furnaces  or  shaft  furnaces;  if  the  i    

their  utility  at  that  time  would  have  Ikh-u  doubtful,  and  if  the  latter,  it 
would  have  In-en  still  more  doubtful. 

Lieutenant  Thomas  defentlc<l  the  system  <»f  n'serving  and  leasing 
lands  as  genen>us  to  the  miners,  and  pnitecting  the  nsMiurccs  of  the  coun- 
try. Nevertheless,  the  jM)pular  opinion  continual  to  l>e  difTerent  an<l 
the  numlx*r  of  trespassers  on  the  Clovcriuncnt  land  increjuje<l.  This 
le<l  Thomas  to  recommend  in  SeptemU'r,  IS'JC,  that  leases  for  larger 
tnicts  than  .'i'JO  acres  Ix*  given,  which  ap{)ears  to  have  Ijeen  the  limit 
up  t«»  that  time.'  I'p  to  1S27  only  alM)Ut  135  tons  of  lead  ha<l  been  col- 
lecte«l  as  royalty  during  the  i)revious  three  years.  In  1S27  attention 
w:is  diverte*!  from  the  lead  mines  of  Mi.ssouri  to  tluKse  of  Wisconsin,  and 
the  output  of  the  former  ccasetl  to  increase.  This,  together  with  the 
obvious  failure  of  the  system  prcscrilx^l  by  Congress  in  the  Act  of  IS<)7 
in<luce<|  Thomas  to  recommend  the  .sile  of  the  Missouri  lands,  arguing 
that  they  could  be  solil  without  danger  of  IxMUg  mono|)olizeii  while  atten- 
tion was  concent rate<l  on  the  rich  de|M>sits  of  the  rp|K»r  Mi.ssissippi  Valley. 
The  pro|M»se<l  .sale  was  favf»nibly  recommendeil  by  a  ('<»npn'ssional  coin- 
njittec  in  January,  ISJS,  and  it  wiis  urgetl  in  a  memorial  «»f  the  State 
legislature  in  January.  1S29,  but  C'ongn*ss  was  slow  to  act  and  it  waa  not 
imtil  IS  17  that  it  was  finally  decideil  to  offer  the  lands  for  siilc.  The 
law  had  then  long  Ikx'U  a  dea«l-letter,  since  after  IS,'M,  acconling  to  Whit- 
ney,' in  c<»n.s<'<juence  of  the  immense  numlx'r  of  illegal  entries,  the  minerti 
an<l  smelters.  l>oth  in  Mi.sMiuri  and  Wi.sconsin.  refu.se«l  to  pay  any  more 
n»yalty  an<l  the  (lovenunent  wiis  unable  to  collect.  However,  this  state- 
ment was  not  (piite  correct,  inasmuch  a.s  the  (lovemment  did  succeed 
in  collrrting  some  royalty,  although  it  was  done  at  large  expense. 

With  alnnit  IKU)  the  great  im|)ortance  of  the  .Mi.s.souri  mines,  which 
previously  had  licen  Hul»stantially  the  s<»le  source  of  American  le«<i,  di»- 
npfieare*!  in  the  ri.'^e  of  the  Wi.sconsin  mines.  an<l  not  until  alniui  IH7I. 
when  the  Ji»plin  district  l>egan  to  Ik?  really  im|H)rtant  and  the  di--* m- 
inated  deposits  of  the  ."viuthesist  liegan  to  Iw  exploiter!,  did  MLnmrnn 
its  early  |H)«iition  of  j>n»minence  in  the  lead  indiL«itry. 

This  i-  ?M''  »o  say  that  the  pnMluction  <>f  lead  in  Misitouri  fell  off,  save 

'  AiiMTicsin  .'^talc  I'niwm.  IV.  KOI. 

'  MrUllic  Wraith  of  the  rnitcd  i^Utlc*,  p.  405. 
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in  comparative  importance.  On  the  contrary,  it  increased  rather  steadily 
from  1S31  to  1850.  Numerous  new  discoveries  were  made  jit  various 
points  in  the  Southeast.  Especially  noteworthy  is  the  Virginia  mine, 
near  St.  Clair,  Franklin  County,  which  was  a  new  class  of  deposit,  different 
from  what  had  previously  been  worked  in  Missouri.  The  deposits  in  the 
rock  at  Palmer,  Potosi,  and  elsewhere  were  networks  of  small  ore  channels, 
lying  approximately  flat  and  near  the  surface.  Consequently  a  large  area 
of  ground  could  be  worked  out  through  a  series  of  shallow  shafts.  The 
Virginia  mine  was  opened  on  a  fissure  vein  cutting  nearly  vertically  through 
the  country-rock,  and  in  order  to  open  a  large  area  of  the  vein  it  was 
necessary  to  sink  deep  shafts.  Such  veins  are  the  characteristic  of  Frank- 
lin County.  They  have  not  been  in  the  aggregate  large  producers  of  lead, 
although  the  Virginia  mine,  which  was  the  most  important  of  them,  made 
a  very  respectable  output,  having  yielded  during  its  checkered  career  about 
13,000  tons  of  lead  ore,  of  which  about  5000  tons  were  turned  out  previ- 
ous to  1846,  and  7500  tons  from  1854  to  1873.  The  above  explanation  of 
the  difference  in  character  of  the  Virginia  vein  will  make  it  clear  why  a 
shaft  was  early  sunk  on  it  to  a  depth  of  264  ft.  and  equipped  with  a  steam 
hoist,  while  elsewhere  in  Missouri  there  was  nothing  but  shallow  pits. 

The  old  log  and  ash  furnaces  continued  in  sole  use  up  to  1836,  in  which 
year  a  Scotch  hearth  was  erected  by  ]\Iajor  Manning  at  Webster,  Wash- 
ington County.^  Other  furnaces  of  the  same  type  were  soon  afterward 
erected  elsewhere,  but  they  do  not  seem  to  have  immediately  displaced 
the  log  and  ash  furnaces,  which  not  only  continued  to  be  operated,  but 
also  new  ones  were  built.  At  Higginbotham's  smeltery,  near  the  present 
Fertile  post-office,  they  were  retained  for  years  subsequent  to  1850,  and 
they  were  in  use  at  Mine  la  Motte  in  1850.^  This  would  indicate  that 
the  Scotch  hearth  did  not  give  an  overwhelming  advantage  over  the  older 
type  of  furnace.  An  interesting  fact  is  the  remark  by  J.  T.  Hodge, 
writing  in  1842,  that  there  were  then  in  use  at  Mine  la  Motte  nine  Scotch 
hearths,  two  cupolas,  and  one  reverberatory  furnace.^ 

Previous  to  1838  all  of  the  lead  ore  worked  in  Missouri  was  galena. 
The  presence  of  cerussite,  lead  carbonate,  had  early  been  noted,  but  its 
value  as  an  ore  does  not  appear  to  have  been  recognized  until  1838,  when 
new  furnaces  were  erected  to  smelt  it  at  Mine  la  Motte,  leading  to  an 
increase  of  lead  production.*     However,  this  ore,  commonly  called  "dry 

'  G.  C.  Swallow,  First  and  Second  Annual  Reports  of  Geological  Survey  of  Missouri, 
part  ii,  p.  59.  This  appears  to  be  the  first  definite  mention  of  the  use  of  this  type  of 
furnace  in  Missouri,  although  Schoolcraft  refers  in  1819  to  what  was  perhaps  a  Scotch 
hearth  (A  View  of  the  Lead  Mines  of  Missouri,  p.  22). 

^Winslow,  op.  cit.,  I,  283. 

3  On  the  Wisconsin  and  Missouri  Lead  Region,  American  Journal  of  Science,  First 
Series,  XLVII,  64. 

*  James  E.  Mills,  Geological  Report  on  the  Mine  la  Motte  Estate,  p.  47. 
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bone"  by  the  miners,  wiis  n(»t  iibundanl  uml  theref<»re  \vii.s  never  u  wry 
ini|M)r1ant  source  of  lejul  in  Missouri. 

Fn)in  lK.'iI  to  1S4()  the  produi-lion  of  \vm\  in  Missouri  inereaso<l  ron- 
sitlerably,  jivenijjinR  alM)ut  'MMH)  tons  jK'r  annum,  aKainsl  al)out  I'.MJO 
in  the  previous  «leca<le.  In  the  ten  years,  IS4I  IS.')(I.  there  wim  no  ma- 
terial incn'as«?  in  the  out|)Ut,  which  was  apfiartMitly  checke*!  by  the  low 
price  of  lead,  the  latter  declining  to  about  3  c.  jwr  lb.  during;  the  early 
forties,  and  continuing  low,  t)n  the  whole,  until  nearly  l,sr>().  During 
the  later  years  of  this  |)eri<Kl  shii)ments  were  nuide  via  Hash  Tower, 
IMattim  Uock.  Salt  Point,  and  St.  Mary's,  Upsides  Ste,  (lenevicvc,  Her- 
culaneum,  and  S'lma.  Hoth  Mis.'^ouri  and  Wisconsin  were  fortimate  in 
having  a  water  route  to  the  Atlantic  Seaboard  from  |M)ints  comparatively 
near  the  mines.  It  was  this  that  enablc<l  .so  large  an  output  of  lead  to 
be  made  at  low  prices  bcf»)rc  the  advent  of  railway  transiHjrtation. 


old  form  of  .\iinriran  Srotrh-licartli. 

Uee«l  tV:  HolTman  erect e<l  a  plant  for  the  manufacture  of  white  lead 
at  St.  1/Ouis  in  is;i7.  S<M)n  afterwarti  it  pa.ss<Nl  into  the  h.in<ls  of  Charles 
&  Blow,  an<l  then  into  the  hands  of  the  C'<»llier  White  IxnuI  ami  Oil  Co., 
which  is  now  a  part  of  the  National  Ia^iuI  Co.  Smmi  after  IS4().  William 
(ilasgow.  Jr.,  al.'<o  ert»cte<i  works  at  St.  l/ouis  for  the  manufacture  of  white 
leacl  by  the  Dutch  process,  but  o|)enition  continue*!  only  a  few  years, 
the  works  l>eing  destn»ye«l  by  fire.  Small  works  were  also  ereete*!  at 
St.  liouis  by  Hacon  &  Hyde.  The  denumd  for  white  len<l  wiis  small, 
however,  ami  the  aimual  prwluct  prcviuiu  to  ISoO  did  not  exceed  5(X) 
tons. 
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Tlie  existence  of  lead  ore  in  southwestern  Missouri  was  known  to 
the  Osage  Indians,  and  to  the  hunters  from  an  early  date,  and  it  is  cer- 
tain that  they  used  the  ore  as  a  source  of  metal  for  their  bullets,  inas- 
much as  remains  of  their  crude  furnaces  have  been  found.  About  1848 
mining  of  lead  ore  was  begun  by  William  Tingle,  two  miles  east  of  .Joplin. 
In  1849  lead  was  discovered  within  the  limits  of  .Joplin  by  Daniel  Camp- 
bell. This  was  the  incei)tion  of  mining  in  the  .Joplin  district,  the  develoj)- 
rnent  of  which  was  the  j)red()minant  feature  in  Missouri  mining  during 
the  next  decade,  although  it  was  not  for  more  than  twenty  years  that 
the  beginning  of  its  great  importance  as  a  lead-i)roducing  district  was  to 
dawn.  In  1851  mining  was  begun  on  Center  Creek,  near  what  was  later 
called  Minersville,  and  is  now  called  Oronogo.  In  1854  mines  in  opera- 
tion on  Turkey  Creek  were  described  by  Swallow.'  Discoveries  were 
also  made  near  Granby  and  Neosho,  in  Newton  County,  where  the  early 
developments  were  more  important  than  in  Jasper  County.  Up  to  1854, 
however,  the  total  production  of  both  counties,  according  to  Swallow, 
was  only  862  tons  of  lead.  This  was  produced  chiefly  from  galena,  though 
some  carbonate  ore  was  smelted.  The  zinc  ore  associated  with  the  lead 
ore  was  thrown  aside.  By  1857  mining  was  actively  in  progress  at  Granby, 
and  in  1858  Swallow  estimated  that  probably  4000  tons  of  lead  had  been 
produced  up  to  that  date.  From  1851  to  1860  it  is  reckoned  that  about 
300  shafts  were  put  down  in  and  about  Granby.  The  extensive  develop- 
ments of  the  mines  accompanied  by  the  provision  of  the  necessary  new 
smelting  capacity  led  to  a  great  increase  in  the  production,  the  output 
of  Granby  rising  to  4000  tons  of  lead  per  annum  shortly  after  1855  and 
causing  the  Southwest  of  Missouri  to  surpass  the  Southeast. 

The  decadence  of  the  Southeast^  was  evidently  due  to  exhaustion  of 
the  small,  shallow  deposits  of  Washington  and  St.  Frangois  Counties, 
and  the  failure  of  the  veins  of  Franklin  County  to  become  important 
producers.  Prof.  .J.  I).  Whitney,  writing  in  1854,  said:^  "All  these  mines 
have  now  fallen  off  very  much  and  most  of  them  are  completely  exhausted. 
.  .  .  The  lead  deposits  of  Missouri,  on  the  w^hole,  strikingly  resemble  those 
of  the  Upper  Mississippi.  .  .  .  As  they  have  been  considerably  longer 
worked  in  the  former  State,  they  are  now  nearer  to  exhaustion,  and  there 
is  little  reason  to  believe  they  will  ever  regain  the  importance  which 
they  once  had." 

The  failure  of  this  prediction,  as  shown  by  the  statistics,  has  been 
remarked.  Yet  there  was  really  no  such  failure.  The  conclusions  of 
this  very  competent  observer  were  undoubtedly  warranted  by  the  facts 
at  that  time  and  have    been  borne  out  substantially  by  the   class   of 

'  First  and  Second  Annual  Reports  of  the  Missouri  Geological  Survey,  part  i,  p.  160. 
2  G.  C.  Broadhead,  Report  on  the  Geological  Survey  of  Missouri,  p.  488. 
'Metallic  Wealth  of  the  United  States,  pp.  418-419. 
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«irjM».>it.s  t(i  wliifh  hv  ri'fcrnNl,  naiiirly,  llic  .sIihIIow  iirt\surk-<  <'i  i  .inm t, 
lN>t(Ksi,  etc.  TIh'V  Iihvo  iii'vrr  since  iim«le  an  iin|x>rlarit  |>riNiu<-t ion. 
The  great  incn'a.s<«  in  the  lead  pnxluctiiin  of  Houtheaitten)  MtHMiiiri  Hince 
IH71  has  Ikm'Ii  iliu*  to  the  diss^MniiuiltHl  (le|N»Mits,  which  were  unknown 
at  the  lime  of  Whitney's  vi.sit ;  and  U'twtH-rj  whiili  and  the  .shallow  net- 
work.x  Ri'ologi.st.s  have  not  yet  lioen  ahle  t<i  e^^tahli.sh  generally  a  conne<-tion. 

The  decline  in  the  Stuthea.stern  |»r<M|iiction  at  thi.s  lime  was  dtie  partly 
to  liiiKation  which  checked  work  at  Mine  la  .Motle.  On  the  other  hand, 
the  Valle  mine  incn'a.se<|  its  output  to  over  'AH)  tons  of  lea<l  in  IH5H. 

The  first  smelting  furnaces  en'cte<|  in  southwestern  Mi.-.s<»uri  wen* 
the  old  log  furnaces.  They  wen'  siwin  super>4Hle<|,  however,  hy  the  .S-otrh 
hearths,  the  lir>st  of  which  was  Imilt  in  ISTiI,  and  8tarte<i  in  1S.VJ.  I»y 
(W'orge  W.  and  William  S.  Mo.sely,  near  the  mouth  of  (VMJar  Cnn-k,  alniut 
six  nules  northwest  of  Neosho,  in  Newton  County.  The  on*  supply  wa.s 
ol»taine<l  fn»m  mines  near  the  works.  The*  latter  compri.se<l  two  hearths 
of  capacity  ft»r  :i(KK)  II).  of  ore  in  12  hours.  The  Mast  was  prtMluce«l  hy 
water  |M»wer. 

'n  onler  to  cnc(»unigc  smelting  at  this  early  date,  the  Indian  .\gency 
gave  the  pn»prietors  (»f  this  funiace  a  subsidy  to  huild  flatlM»ats  for  tnin.s- 
|)orting  their  pHnlucl  down  (Inind  River  from  (Jilst rap's  Ferry  to  the 
Arkan.sjis  River,  thence  to  the  Mississippi  River,  and  thence  by  steamUtat 
to  New  Orleans,  which  was  their  market  till  1K.')4  when  the  finn  faile<|. 
The  old  Moseley  mines  which  wen*  the  on-  su|>j)|y  fi»r  \h\-*  c-irly  venture 
arc  still  pnxiucing.' 

The  .so<"ond  smeltery  i<>  ih-  mitrd  m  the  .Inpmi  ui-tri<t  was  thai  of 
llartlerhiMies  in  1S,V>.  His  furnace  was  siluaUMl  «in  Hickory  C'nn'k,  five 
miles  .soutluvist  «)f  Neosho,  and  consiste<l  of  two  Si'otch  hearths.  It  is 
<ni  n'<«»nl  jus  having  lost  over  half  the  metallic  content  <»f  the  ores  smelte<l. 
In  iStVS.  years  after  the  ahandonment  of  this  .smeller,  its  .slag  was  haul(Nl 
by  John  Kingston,  now  nmiuiger  of  the  (ininby  Mining  and  Smelting 
Cai'h.  plant  at  (Ininby,  to  (Inmby.  Mo.,  when*  it  was  n*smelte<i  and 
much  of  the  remaining  metal  extnict<Hl.' 

In  isr>()  Kennett  &  Blow  put  up  three  Scotch  hearths  at  (ininby. 
This  partnership  continue«l  to  smelt  lead  until  Isto  when  the  ba'*iness 
iNi.sseil  into  the  hands  «»f  Henry  T.  Blow,  who  nrgani/^Hl  the  (Ininby 
Mining  antl  Smelting  Co..  which  has  l>een  one  of  the  imwt  »tire«»- 
ful  comfMinies  <»|H'niting  in  the  lead  and  zinc  fields  of  the  S)Uthwej*t. 
During  the  y<'ar  of  organization  the  pn>s4>nl  stnelting  plant  was  built, 
with  eight  Scotch  hearths  capable  of  smelting  .'UMM)  lb.  of  ore  in  nevpn 
hour><.  These  were  succec<lc««I  by  live  water-lmck  Scotch  hearths  of 
ca|»acity  for  "(MM)  lb.  c»f  <in*  in  seven  hours,  and  these  by  five  water-liack 

'  l>    Hrillain,  Hnginrrnng  anil  Mining  Journal,  Nov.  0,  1007. 
'  I)     Hnttain,   loc.   nl 
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jumbo  Scotch  hearths  of  capacity  for  14,000  lb.  of  ore  in  seven  hours, 
the  last  being  the  present  equipment  of  the  plant. 

Also  in  1856  William  Tingle  and  his  partner  Fitzgerald  operated  a  hearth 
(some  say  a  log  furnace)  at  the  mouth  of  Leadville  Hollow,  two  and  a  half 
miles  northwest  of  Joplin.  The  blast  was  produced  by  two  large  bellows 
operated  by  water-power.     This  smelter  continued  in  operation  till  1861. 

In  1858  iSwallow  gave  a  list  of  34  furnaces,  distributed  as  follows:^ 
Washington  County,  14;  Franklin,  4;  Jefferson,  3;  Crawford,  1;  Christian, 
1;  Newton,  9;  Jasper,  2.  Two  of  these  are  stated  to  have  been  log  fur- 
naces, 16  Scotch  hearths,  and  11  unclassified.  Subsequent  to  1851,  at 
least,  the  Scotch  hearth  may  be  considered  to  have  become  the  standard 
smelting  furnace  in  Missouri. 

About  1859  Tom  Livingstone  and  one  Parkinson  operated  two  Scotch 
hearths  at  Oronogo.  After  the  Civil  War  the  bellows  which  sup})lied 
the  blast  was  actuated  by  a  treadwhecl  turned  by  a  horse.  While  this 
smelter  was  in  operation  before  the  war  Livingstone  operated  another 
plant  at  Livingstone's  ford,  on  Center  Creek.  The  place  was  then  known 
as  French  Point  on  account  of  a  colony  of  French  smelters  which  Living- 
stone brought  from  southeastern  Missouri.  Lead  ore  for  this  furnace  was 
obtained  from  Minersville  and  Duff's  diggings,  or  Leadville,  between 
Joplin  and  Minersville.  The  blast  was  furnished  by  water-power.  This 
plant  was  destroyed  during  the  war  by  Federal  troops. 

During  the  activity  of  Kennett  &  Blow  at  Granby  and  Tingle  on  Tur- 
key Creek,  E.  St.  George  Noble  and  his  brother  John  in  1859  erected  a 
smelter  four  miles  south  of  Granby  on  the  site  of  the  old  Hartlerhodes 
smelter.  After  two  years  of  operation  this  smelter  was  burned  by  the 
Federal  troops  in  1861.  It  consisted  of  four  Scotch  hearths  and  a  blast 
furnace  for  smelting  the  flue  dust  and  gray  slag.  There  are  some  interest- 
ing and  valuable  records  of  the  smelting  operations  at  this  works,  which 
have  been  given  in  the  previous  chapter  on  "Metallurgy."  It  appears 
from  these  that  the  value  of  ore  at  that  time  was  $32  per  2000  lb.  The 
wages  of  smelters  were  $0.75  to  $1  per  da}'.  Charcoal  cost  7^  c.  per 
bushel,  and  ordinary  cord  wood  $1.50  per  cord.  The  cost  of  conveying 
pig  lead  to  St.  Louis  was  1.36  c.  per  lb.  Including  the  freight  the  cost 
of  the  lead  delivered  at  St.  Louis  was  4.125  c.  per  lb. 

In  the  Southeast,  the  lead  produced  from  1851  to  1860  was  carted 
during  most  of  the  period  to  the  old  points  of  shipment  on  the  Mississippi 
River,  but  in  1853  the  construction  of  the  Iron  Mountain  railway  was 
begun  from  St.  Louis,  and  although  it  progressed  but  slowly,  it  reached 
Pilot  Knob  by  1858,  and  thus  for  several  years  preceding  furnished  an 
easier  line  of  transportation  to  the  Mississippi  River,  the  railway  running 

'  Geoloj^ical  Report  Along  the  Line  of  the  Southwestern  Branch  of  the  Pacific  R,ail- 
way,  State  of  Missouri,  pp.  65-66. 
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tMiuthwunl  fnun  St.  I^mi.s  in  muIj  u  wuy  llmt  it  tniVfrM"*!  ihc  m<»ht 
iin|>()rtuiit  |x>rtion  cif  tlw  load  country.  pa-s-ninK  within  25  nulo*  of  nearly 
all  the  pnn|urtivc  ininrs  and  inu<h  (•I<».s<'r  to  most  of  tlictn. 

The  S)Ut Invest  wjlh  not  irn  well  favore<l  in  this  rcsjKM't,  its  lead  having 
to  be  carte<l  hmg  di.stanren  to  river  fMiint.s.  .Some  went  uh  far  north  un 
lUKinvillf,  on  the  Mis.«inuri  Kivrr,  and  a  larjie  (|uantity  wiw  taken  to  Linn 
CnH'k,  on  the  Osiigr  Kiver,  while  another  large  |K>rtion  went  to  Fort 
Smith,  on  the  Arkan.sas  Kivrr.  Acconling  t<»  .Swallow  the  asual  cost 
of  tnins|M)rtation  fnun  the  furnaces  in  southwestern  Mi.sM)uri  to  St.  Ix)ui« 
during  ISTil  IMiO  was  $1.2.')  i>er  KM)  Ih,  This  wjis  a  large  de<iuction  to 
make  fnun  the  value  of  the  pnMhH'l  at  St.  Ivoui.s,  hut  fortunately  the 
price  for  lead  rule<|  high  during  most  of  this  iH'ri<Kl.  The  miners  were 
imid  genenilly  $l(i  jht  KKM)  Ih.  of  ore,  which  may  [nKssihly  have  yiel<Ie<i 
alxiut  0.'>()  II).  «»f  lead,  on  which  a.ssumption  the  cost  of  lea<l  in  <»rc  would 
have  \icvu  alxiut  2..')  c.  i)er  II).  .\dding  ()..')  c.  jht  II).  for  cost  of  smelting, 
and  1.2.')  c.  for  freight,  the  total  co.st  at  .St.  I.^tuis  wouUI  have  lH«en  alK)ut 
4.25  c.  i)er  II).  The  market  price  mnged  fn)m  4. .'JO  to  G.2U  c.  [K'r  Ih.  Otit 
of  the  price  re<'eive<l  for  hi.s  ore  the  miner  had  genenilly  to  pay  a  royalty 
of  al)<)Ut  $2  \XT  ton. 

Work  wjis  lx>gun  on  the  .Southwesteni  Branch  of  the  Pacific  Railway, 
the  present  St.  I^»uis  «&  .Sm  Francisco,  in  ls.V),  hut  up  to  1.S5.S  only  IS 
miles  ha<l  U'en  eon.stnicteil,  and  in  1S()()  it  was  only  as  far  as  Kolla,  so 
that  it  was  not  of  much  .service  to  the  mining  interests  of  .southwestern 
Mi.s.s«»uri  during  this  [K-riod. 

Ju.st  when  the  pnnluction  of  lead  in  .south  west  err  j  Mi.ssouri  was  U^gin- 
ning  to  attain  large  pn>i)ortions,  o|)enitions  were  che<*ke<l  hy  the  Civil 
War.  The  district  was  contest tnl  territ«)ry.  which  caus<««l  mining  to  l)e 
stopj)e*l  entin-ly  at  times.  The  (inmhy  mines  and  furnaces  were  worked 
alternately  on  Feilenil  and  CV)nfe<lenite  account.  In  southeasteni  Mis- 
souri thore  was  not  so  much  interruption  to  mining,  its  lead  districts 
))cing  outside  the  /.one  of  a<"tive  hostilities,  though  there  were  .some  raids 
in  certain  of  them,  and  the  .Mine  la  Motte  furmices  were  destn)yed  hy 
the  rnite<l  States  (i«»venunent  in  \Si\].  They  were  s<M»n  reliuilt,  how- 
ever. an<l  were  o|)rrate<l  vigon»usly  under  the  stimuliLs  of  the  high  price 
for  lejid.  pnxlucing  over  .T)0()  torus  of  lca<l  fn»n>  IS<)I  to  lMi4.  With 
the  e.\ceptif>n  of  .Mine  la  Motte  an<l  the  Valle  mine  there  tloes  not  ai)|)ear 
to  have  l>een  much  active  o})en»tion  in  southeast eni  Mi.s.souri  at  thi.s 
pericnl.  One  of  the  effects  of  the  Civil  War  on  the  lead  industry  wiis 
to  cavr.se  a  very  high  |)rico  for  the  metal,  which  n»»e  to  I2.S  r.  |)er  lb. 
in  l.HI»4,  and  in  I.S()5  wjis  10  r.  |)er  lb.,  lt>cn  St.  I^ouis.  With  tin*  «!..«. 
of  the  war  this  natuntlly  le<i  to  a  vigon)Us  resumption  of  mining. 

The  St.  .I«)s<'ph  \a':uI  Co.  was  organiMnj  in  1.S04  to  purchase  \m  (ir:i\f 
mines  at  lk)nnc  Tcrrc,  St.  Francois  County,  active  o|)eration8  ujxin  v^li'-h 
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were  begun  during  the  following  year.  A  mining,  milling,  and  smelting 
jilant  was  erected,  but  the  production  for  several  3'ears  was  small.  In 
1865,  Mr.  Henry  T.  Blow,  who  was  instrumental  in  founding  the  Collier 
White  Lead  and  Oil  Co.,  some  25  years  earlier,  obtained  a  lease  of  the 
Clranby  mines  in  Newton  County,  and  immediately  began  energetic 
mining,  his  enterprise  developing  into  the  Granljy  .Mining  and  Smelting 
Co.  That  company  has  ever  since  been  the  most  imix)rtant  producer 
in  southwestern  Missouri,  while  the  St.  Joseph  Lead  Co.  has  been  the 
most  important  in  the  Southeast. 

The  most  important  event  in  the  entire  history  of  lead  mining  in 
Missouri  occurred  in  1869  when  the  St.  Joseph  Lead  Co.  began  prospecting 
at  Bonne  Terre  with  the  diamond  drill  for  deep  deposits  of  ore.'  It 
resulted  almost  innnediately  in  the  discovery  of  disseminated  ore  at  a 
depth  of  about  120  ft.,  and  led  to  the  mining  of  those  deposits,  which 
although  of  low  grade  are  of  such  magnitude  that  their  aggregate  lead 
content  caused  the  shallow  networks  of  Cadet,  Palmer,  Potosi,  and  else- 
where to  fade  into  insignificance  and  raised  ^lissouri  to  its  present  great 
importance  as  a  lead-producing  State.  According  to  Mr.  Francis  La 
Grave,  son  of  the  former  owner  of  the  Bonne  Terre  lands,  some  prospect- 
ing with  the  chum  drill  before  the  war  had  showed  the  existence  of  dis- 
seminated ore  at  a  depth  of  80  ft.,  but  apparently  the  importance  of  the 
discovery  was  not  then  appreciated.  Ever  since  the  discovery  of  the 
St.  Joseph  Lead  Co.,  the  diamond  drill  has  pla3'ed  an  important  part  in 
prospecting  in  this  district,  being  more  extensively  used  and  more  valu- 
able as  a  means  for  prospecting  than  in  any  other  metal-mining  district 
of  the  United  States  outside  of  the  Lake  Superior  copper  region. 

According  to  the  statistics  of  the  Ninth  Census  there  were  42  produ- 
cing mines  in  Missouri  in  1870,  which  employed  539  men,  and  produced 
about  3500  tons  of  lead,  but  the  largest  single  producer,  namely  the 
Mine  la  Motte,  was  omitted  from  the  enumeration.  Its  outjjut  in  1870 
was  nearly  2600  tons,  and  the  statisticians  of  the  Missouri  Geological 
Survey  believe  that  the  true  total  for  the  State  was  approximately  7000 
tons.  The  Granby  mines  in  Newton  County  gave  employment  to  300 
men.  In  Jasper  County  there  was  only  one  mine  in  operation,  it  em- 
ploying five  men.  According  to  Schmidt,  there  was  not  a  single  house 
standing  on  the  present  site  of  Joplin  in  1S70.  However,  there  was  soon 
to  be  an  important  change. 

In  Augast,  1870,  J.  B.  Sargent  and  E.  R.  Moffett  discovered  lead  ore 
in  large  quantity  within  what  are  now  the  city  limits  of  Joplin.  The 
Moon  diggings,  on  East  Joplin  hill,  were  opened  about  the  same  time. 
The  ore-bodies  w^ere  rapidly  developed,  and  by  1871  two  smelting  works 
were  running.  That  of  Riggin  &  Chapman  had  three  or  four  air  furnaces 
>  J.  Wyman  Jones,  History  of  the  St.  Joseph  Lead  Co.,  p.  17. 
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und  six  or  rifilit  Scotclj  hrurths.  whiU*  that  of  MofTctt  iV:  SargiMit  had  thri'c 
air  furnaccM.  Tlu»  l«»a<l  wiis  liaiiUil  to  Haxlrr  Springs,  KaiiHjt.s,  aii<i  thi-noc 
sliipiNil  liy  niilway  to  St.  Louis.  In  |s7l  Patrick  Murphy  houf^ht  the 
land  on  which  Jophn  now  slandH.  and  the  ttiwii,  first  caUiMl  .Murphyn- 
hurj;.  was  hiid  out.  Di.scovrry  quickly  siic<*i««'«h'<l  «li.s<*ovi'ry ;  the  liniitM 
t»f  the  «listri<t  wcro  ntpidly  c'\tcnd«il;  miners  llockctt  in  from  all  din*<*tion.H. 
In  ISTI  the  |Mipulalion  of  .loplin  is  said  to  have  n^aclunl  iAHH),  alwiut  KNN) 
minors  InMug  emph»yitl.  while  .sovon  Scotch  hearths  and  six  rpvorl>rnitory 
funiacos  were  in  «>|)enilion.  In  the  .same  year,  the  .Memphis.  Carthage 
&  Southwc»stern  Railway,  now  a  part  of  the  St.  Louis  S:  San  Fmnci.sco, 
was  huilt.  .Mining  was  l)cnuii  at  \V«'l)li  City  in  IS?.'),  ami  at  Cartorvillo 
in  LS7ti.  The  mines  at  Onuio^o  and  alon^  Turkey  Creek  had  previously 
Ikhmi  discoveretj.  From  this  time  .loplin  iKHiamo  a  lar^e  priMlucer  of 
lend  ore,  l>ut  nevertheless  it  is  e.s.sentially  a  zinc  district,  and  the  value 
of  its  lead  output  was  soon  surpasscnl  l)y  its  zinc  ore.  of  which  the  first 
shipments  were  made  in  IS7l*.  The  further  history  «>f  this  im|Nirtant 
and  interesting  district  will  therefore  U'  treatiil  in  the  <livision  of  this 
work  relatinj;  to  zinc. 

The  later  history  of  lead  smelting  in  the  .I«»plin  tlistrict  ;....>  .^  briefly 
sumnjarize<l.  In  IS7G  the  Lone  MIm  .Mining  and  Smelting  Co..  the  suc- 
ces.sor  of  .MofTett  iV:  Sargent.  erecte«l  a  new  plant  of  10  Scotch  hearths 
at  Joplin.  at  which  the  Hart  let  t  pnK-e.ss  of  making  suMimeil  white  lead 
wjus  intHNluceil  in  1S7S.  In  ISSO  the  works  pa.sse<l  successively  into  the 
hands  of  the  Moffett  Smelting  Co.  and  .loplin  Ix*ad  C<»..  and  in  the  follow- 
ing year  was  .s«»ld  to  the  I'icher  Ix'ad  Co..  which  has  oiK'rate<l  it  ever 
sincfv  The  <lates  of  other  snielting  cnterpri.ses  were  as  follows:  Davis 
ik  Mur|)hy.  Joplin,  f«>ur  air  furnaces.  I.s72  1S.S0.  Coni  &  Thomivs^n. 
1S7J.  .loplin.  four  air  furnaces.  I*.  Murphy,  near  Duenweg.  two  So«»tch 
hearths,  IS7;J  74.  .Ias|)er  I.,<»atl  and  Mining  Co.,  .loplin.  four  air  furnaces. 
l.S7;i  74.  ().  H.  and  W.  11.  Pi«her.  .loplin.  1S70  IS.S().  Torter  t^-  Dorscy, 
Joplin.  l.S7()  1S.S().  (Ininhy  Mining  and  J^melting  Co.,  Joplin,  1S77- 
IS7.S,  the  plant  l)eing  removjnl  to  (Jp.inl)V  in  the  latter  year,  (ialenu 
Ix'a*!  and  Zinc  Co..  (iaien.'i.  Kan..  1S7'.>  1S.S0.  the  plant  pitssing  into  a 
hurression  of  hands  after  IS.S().  We.st  Joplin  I.,«':id  and  Zinc  Co.,  Joplin, 
six  S<*otch  hearths,  IS.SO.  Ca.so  t^*  Serage  1.,4'ad  Co.,(iniml  I'alls.  \S\r2  *Xi. 
These  and  others  of  niinor  im|K»rtance  are  n'fern*<l  to  with  considenihle 
tleiail  in  an  article  hy  I).  Hrittain  in  the  Etujinrrriug  and  Mining  Journal 
of  Nov.  9,  H)()7.  The  only  smelters  in  openition  in  the  Joplin  di.strict 
at  present  an'  those  of  the  I'icher  Ix'ad  Co.  at  Joplin  (Is7t»):  (Ininby 
Mining  and  ."^melting  Co.,  (Inmhy,  .Mo.  (I.sii.'));  and  C.  V.  IVtnieus  Smelt- 
ing and   Manufacturing  Co..  Ciulena.  Kan.   (liK)'J). 

Cioing  hack  in  the  namitive  to  southeastent  Mi>.**<iuri,  devel«)pnM'nts 
u.r."  ■■■uch  le.ss  rapid  than  in  souihw»«steni  U'caiisc  of  the  more  elalx»ratc 
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niinin;:;  ami  milling  methods  that  it  was  necessary  to  install.  It  was  early 
obvious  that  the  low-grade  disseminatetl  ores  could  not  be  extracted 
and  workotl  in  the  same  simple  manner  as  the  small,  but  rich,  shallow 
deposits,  though  it  is  doubtful  if  the  kind  of  methods  that  would  really 
be  recjuireil  was  appreciated  at  all.  The  Mine  la  Motte,  still  working 
the  old,  superficial  deposits,  continued  to  be  the  largest  producer  in  the 
i^outheast  during  the  early  seventies,  its  output  of  pig  lead  having  been 
2564  tons  in  187(0,  though  the  rate  of  production  was  retluced  by  a  fire 
which  destroyed  12  furnaces  in  1872;  in  1876,  however,  it  rose  to  2914 
tons.  In  the  meanwhile  the  output  of  the  St.  Joseph  Lead  Co.  was  steadily 
increasing;  in  1869  it  was  about  22  tons  of  lead  monthly;  in  1874  about 
122  tons;  and  in  1879  about  350  tons.  In  1874  the  construction  of  a 
railway  to  connect  its  mines  with  the  Iron  ]\Iountain  line  at  Riverside, 
on  the  Mississippi  River,  was  begun.  In  1878  the  Desloge  mill  and  smelt- 
ery adjacent  to  the  St.  Joseph  works  were  put  in  operation,  and  in  the 
same  j'ear  the  exploitation  of  the  deeper-lying  disseminated  ores  at  Mine 
la  Motte  was  begun  in  a  systematic  manner. 

In  1881  there  were  three  mines  in  southeastern  Missouri  opened  on 
the  disseminated  ore,  viz.,  the  St.  Joseph  and  Desloge  at  Bonne  Terre, 
and  the  Mine  la  Motte.  The  mill  and  other  works  of  the  St.  Joseph  Lead 
Co.  were  destroyed  by  fire  in  1883.  They  were  immediately  rebuilt  on 
a  grander  scale  and  more  in  conformity  with  the  requirements  of  the 
ores.  The  adjacent  Desloge  mill  was  burned  in  1885,  and  the  mine  was 
purchased  by  the  St.  Joseph  Lead  Co.  in  1886,  which  company  has  been 
continually  adding  to  its  holdings  until  it  has  become  the  largest  owner 
of  lead  lands  in  this  district.  The  Doe  Run  mine,  near  Farmington, 
was  opened  in  1887.  The  Flat  River  mines,  a  few  miles  south  of  Bonne 
Terre,  were  first  opened  in  1890. 

The  Mississippi  River  &  Bonne  Terre  railway  was  completed  from 
Riverside  to  Doe  Run  in  1890,  whereupon  the  St.  Joseph  Lead  Co. 
removed  its  smelting  furnaces  from  Bonne  Terre  to  Herculaneum,  con- 
tinuing, however,  to  roast  the  ore  at  Bonne  Terre,  whence  it  was  shipped 
as  .slag.  The  Doe  Run  Lead  Co.,  affiliated  with  the  St.  Joseph,  adopted 
a  similar  policy,  shipping  its  slag-roasted  ore  to  the  St.  Joseph  smeltery 
at  Herculaneum. 

About  1871  there  was  a  considerable  change  in  the  smelting  practice 
in  Missouri,  a  form  of  reverberatory  furnace  known  as  the  Drummond, 
or  air  furnace,  being  extensively  substituted  for  the  Scotch  hearths,  which 
had  been  almo.st  exclusively  in  use  during  the  previous  20  years.  A 
description  of  this  furnace  is  to  be  found  elsewhere  in  this  work.  It  is 
uncertain  where  it  first  came  into  use,  but  it  appears  to  have  been  em- 
ployed at  Bonne  Terre  and  other  points  in  southeastern  INIissouri  a  little 
before  1871.     Form  there  it  spread  to  the  other  districts  of  the  State, 
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and  fn)in  its  surrcss  no  cloiibt  ciTtain  HinoltprH  worr  Utl  to  coriMtruct 
Fiii)t.sl)iru  funmcr.s.  wliirh  an?  u  imiit!  highly  tlc'vi'l«»|KHl  fonn  <»f  n-ver- 
U'ratory.  A  frw  Ma.st  fiirnarfs  also  wrn*  rrtTtiMl,  c.H|MKial|y  to  n-ilurt? 
the  gray  shig,  rich  in  h'a«l,  \vhi<h  im  pnnhircMl  Imlh  l»y  the  S<olrh  hrarthn 
and  the  ivverU'ral<»rirs.  In  1S7(».  arronliiig  to  Willianw,  iherc  were  in 
Mksouri  W  rvvfrUTatory  furnaros.  2'.>  S<'ot<h  hearths,  and  seven  blunt 
furnares.  The  St.  Joseph  Ix'ad  C'<».  U'^an  in  IS7S  to  sul>stitutc>  hhist 
furnaces    for   iln    revcrljcratorics.     Froni    that    time   onward    the    major 
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Tlip  Air,  or  DruiiiriumU.  Fumam. 

portion  of  the  galena  concentrate  pnidin-ed  in  southeastern  MLssouri 
wius  8melte<l  in  hhunt  furnaces,  although  the  Desloge  Consolidated  I>ead 
Co.  hixH  always  stu<k  to  the  use  of  reverl»eratori«»s,  until  early  in  the  pres- 
ent century  the  Sotch  hearth  ami  hag-house  method  wiw  adopted  at 
two  new.  large  plant.x.  The  deveh»pment  in  the  metallurgical  pnictice  of 
this  tlistrict  hivs  l>een  trpate<l  fully  in  an  earlier  chapter. 

Since  IS'.H  the  hist<»ry  of  the  s4Hithe:i.stern  Missotiri  di'*-^'-  •  '■  ■"  U-^n 
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simply  a  record  of  stead}'  growth.  The  Doe  Run  mine,  which  occurred 
in  an  outlying,  isolated  territory,  had  become  practically  exhausted  as 
early  as  1895,  but  with  that  exception  there  has  not  yet  been  any  failure 
of  the  great  ore-bodies,  and  the  known  extent  of  the  lead-bearing  area  of 
the  district  has  been  increased  year  l)y  year.  The  develojiment  in  1890 
of  the  mines  at  Flat  River,  where  diamond  drilling  was  begun  in  1888, 
and  their  brilliant  success,  first  directed  attention  to  the  probable  wide- 
spread occurrence  of  the  disseminated  ore  and  stimulated  prospecting 
beyond  the  limits  of  Bonne  Terre,  which  previously  had  been  the  chief 
center  of  the  mining.     In  this  extension  of  interest,  Mr.  H.  J.  Cantwell 
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Flintshire  Furnace  formerly  used  at  Frumet,  Mo. 

of  St.  Louis,  who  organized  the  Central  Lead  Co.,  operating  at  Flat  River, 
w^as  largely  instrumental.  In  1899  the  producing  companies  of  the  dis- 
trict were  the  St.  Joseph,  Doe  Run,  Desloge,  Central,  Columbia,  and  Mine 
la  Motte.  The  Catherine  had  developed  an  ore-ljody  on  land  adjoining 
the  Mine  la  Motte  domain,  and  the  St.  Louis  Smelting  and  Refining  Co. 
(a  subsidiary  company  of  the  National  Lead  Co.)  was  building  a  large 
mill  at  Flat  River  to  dress  the  ore  of  mines  it  had  acquii-ed  there.  All 
of  the.se  companies  were  in  a  prosperous  condition.  It  was  the  year  of 
great  industrial  consolidations,  and  promoters  in  looking  for  new  pos- 
sibilities sought  to  acquire  this  group  of  profitaljle  mines,  but  the  terms 
asked  for  them  were  too  high  to  afford  an  adequate  margin  for  profit. 
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Their  nwnrrM  wore  s<»  wrll  Mat  is  fire  1  with  their  invrstmcut.'*,  with  the  k<mm1 
rcturiL'*  the  luiiu's  wrre  yicldiiiK  and  with  the  Mtn'tig  I)n»^|ll•^•t  of  their 
iii<U>liiiite  coiitiiiiianre,  that  then;  w:ls  iio  iiKhiceiiieiit  to  thcin  to  give 
them  up. 

That  |»oliey  \uis  .ninre  then  U»en  generally  adhered  to,  the  Central 
mine  having  ln'<'ii   th«»  only  one   to   jiit^M   into  a  ron  .;|i 

several  others  have  chan^eti  hands.      In    I'.HK)  the  i<  -iie 

interested  in  the  di.stri«-t,  Inlying  the  works  of  the  .Mi.vMturi  Snudtins  Co. 
at  St.  I>oui.<.  and  .some  partially  dev«'lo|ied  mine.**  at  I'lat  Kiver,  which 
Were  organize*!  .•».«<  the  I'e«leral  lx\id  Co.  .\ftrr  .s«»me  early  ml><ha|»<,  dne 
partly  to  an  attempt  to  introduce  sonie  novelties  in  the  well-settled  mill- 
ing practice  of  the  district,  this  company  w:is  put  upon  a  pn'fitahle  hiLsis, 
and  eventually  l»ecame  one  of  the  important  fa'tors  in  the  lead  pnnliir- 
ti«»n  t»f  the  district,  es|»ecially  after  the  ron.><t ruction  of  its  large  smeltint; 
Works  at  .Mton,  111.,  the  small  plant  at  St.  I>iuis  having;  previotisly  UtMi 
al>andone«i.  In  \\H)')  the  I'ederal  Ix'ad  C<».  purdutsed  the  Central  mine, 
paying;  a  large  price  f«)r  it.  In  the  meanwhile,  the  St.  I»uLs  Smelting; 
and  KefiniHf;  Co.  had  developed  its  mines  at  I'lat  Kiver  with  >;n>at  success, 
had  constructed  a  large  smelter  at  Collinsville,  III.,  and  had  U'come  one 
<»f  the  large  pniducers  of  the  district.  In  HMMi  the  (iuggenheim  interests 
actpiirr'd  large  holdings  of  the  st«»ck  of  the  National  Ix*ad  Co..  and  if  not 
actually  so<uring  the  control  of  that  coujpany,  at  le:ist  hnuight  it  into  a 
eonununity  of  interest.  Con.se<|uently,  at  the  present  time  the  niaj<»r 
part  of  the  output  «»f  lead  in  .-southeastern  Missoiiri  is  made  l>y.  ami  the 
largest  are:is  of  |)n»ved  lead-lK>aring  lam  I  an*  owned  l»y,  the  Cuggenheims 
ami  the  St.  .Ii».seph-I)oc  Kun  companies.  The  «»nly  inde|)endent  pn»- 
ducers  are  the  Desloge  and  .stneral  small  min«'S  in  the  vicinity  of  the 
Mine  la  .Motte. 

The  niost  .serious  difhculty  in  leatl  mining  in  .southeastern  .Missouri 
in  recent  years  h:us  l>een  due  to  lalntr  tntuhles.  .\s  early  ;is  \s\t\}  it  w:is 
tn)ul»lesomc  to  secure  an  a<le(|Uate  su|)ply  of  niiners.  and  the  men  at 
work  in  the  tllstrict  and  available  were  comparatively  inelhcient.  The 
results  of  their  work  were  strikingly  uns.itisfaitory  when  c<»mp.artMl  with 
th«»se  attained  in  zinc  mining  in  .M»uthw(>tern  .Mis.«Miuri.  In  the  Stuth- 
east  there  were  mines  equipfied  with  eostly  plants  of  the  most  modern 
design,  opened  in  l»odies  of  e:i>ily  l»roken  ore  th:it  often  pn's<Mited  working 
fac€'.s  .'»()  ft.  and  n»ore  in  height,  and  of  almost  any  width  desiriMl,  o|ii>rated 
through  shafts  of  m(»deratc  depth,  in  many  cslhch  with  only  an  insignifi- 
rant  amount  of  water  t<»  l»e  pum|ied.  and  no  timlicTing  nMpiired  anywlwre 
in  the  sto|ie.s.  In  the  Smthwot  therx*  wen*  miiH's  e«|uip|)e<l  on  alm«»st 
a  ridienloiwly  petty  scale,  opene*!  on  ImmUi^s  «»f  the  hanlest  kind  of  chert, 
afTording  a  working  face  only  .S  ft.  high.  on'rate«l  at  only  a  little  les.s  depth 
than  in  the  Siuthe:ist.     .\ntl  vet  mining  and  niillini;  on  the  li:L>-iH  of  <>iilv 
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200  toils  per  day  was  done  for  less  per  ton  in  the  Southwest  than  on  the 
basis  of  1200  tons  per  day  in  the  Southeast.*  The  only  explanation  of 
this  is  to  be  found  in  the  lower  efficiency  of  the  labor  in  the  Southeast, 
a  conclusion  which  is  borne  out  l)y  an  analysis  of  the  mining  costs. 

Up  to  1900  or  1901  the  miners  in  southeastern  Missouri,  although 
inefficient,  had  been  at  least  docile.  There  had  never  been  any  serious 
labor  troubles.  About  that  time,  inspired  perhaps  by  the  great  demand 
for  labor  and  incited  by  agitators,  the  miners  began  to  organize,  and 
unionization  having  been  effected,  the  companies  were  called'  upon  to 
reduce  the  day's  work  from  10  hours  to  8  hours  with  no  change  in  pay. 
This  resulted  in  strikes  at  certain  mines,  where  the  demand  was  refused, 
and  some  turbulence,  there  being  a  disgraceful  disinclination  to  maintain 
order,  or  at  least  incompetency,  on  the  part  of  the  county  and  State 
officials.  Victory  was  eventually  gained  by  the  miners,  some  of  the  com- 
panies having  yielded  without  any  fight,  and  as  a  result  the  cost  of  mining 
and  milling  in  the  district  was  materially  increased.  However,  this  hap- 
pened at  a  time  when  the  price  of  lead  was  high  as  compared  with  the 
averages  of  certain  3'ears  in  the  previous  decade,  and  the  high  level  having 
been  maintained  up  to  1907  the  companies  continued  to  make  large  profits 
and  the  statistics  have  shown  a  constant  increase  in  production. 

1  This  comparison  is  not,  of  course,  strictly  correct,  because  the  company  milling 
1200  tons  per  day  would  be  operating  three  shafts. 
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In  u.sinn  the  term  "Wisconsin"  in  this  rlmptpr.  it  is  to  \tc  mulcrstootl 
that  rcfenMico  is  nuulc  not  nu>n>ly  to  thr  ixtUticul  division  of  that  name, 
hut  nithrr  to  tho  zinc-  and  Icad-producinK  district  which  hrs  diicMy  in 
the  southwestern  j)art  «»f  the  State  of  Wisconsin,  and  extends  into  lIHnois 
and  Iowa,  Back  in  the  seventies  and  earlier  this  district  was  known  aa 
the  "Ciiilena  district."  fmiu  (lalcna,  III..  wlTuh  was  then  its  leading; 
town.  However,  the  largest  mining  are:is  and  tin-  most  iin|)ortant  mines, 
save  at  the  out.set,  have  l)ecn  in  Wisconsin  pro|)er.  and  now  every  one 
knows  what  "  Wisci»nsin  district  "  signifies,  while  "(Jalena  district"  would 
prov<»ke  an  inquiry. 

In  the  earliest  <lays  of  this  region  little  attention  wjis  paid  to  the  line 
of  latitude  42^^  Ik).'  i.e.  the  lM»undary  line  I >et ween  Wi.sjonsin  an«l  Illinois. 
The  l'e<lc'nil  (Joveniment  practically  regardeil  the  lead-mining  district 
on  the  ejistern  .side  of  the  Mi.ssissi|)pi  as  undivii!e<l,  siive  that  it  recognizeil 
the  rights  of  the  Indians  to  the  greater  part  «>f  it.  .\s  did  the  ('mvern- 
ment,  s«>  ili«l  cinnmerce.  Neither  couKl  do  <itherwisc,  for  as  to  indiLstrial 
and  tMM'ial  conditions  the  entire  region  wa.s  a  unit,  having  (ialena  as  its 
em|M)rium.  Inde<^l.  ft)r  a  tinie  the  inhabitants  di<i  not  know  whether 
they  dwelt  in  Illinois  or  in  then  unnanuHl  Wisc(»nsin.  The  first  ele<*tion 
at  riatteville.  Wis.,  was  held  in  the  autumn  of  1S2S.  ami  state  oHicers 
of  Illinois  were  vote<l  for.  liven  at  an  early  «lay  then*  was  an  efTort  to 
have  the  .H4iuthen)  line  <»f  the  new  Territory  of  Wi.MMinsin  .>«o  place«l  as 
to  include  all  of  the  niining  di.strict  eiust  of  the  Mi.ssi.ssippi.  and  hut  tor 
an  act  of  ('ongre.ss  whi«'h  wjus  c«»nsiden^l  lujjust  that  woiild  have  l>eon 
<lone.'  II«)wever,  the  district  hjus  l»een  always  a  unit  commenially  ami 
having  its  more  im|>ortant  jMirt  in  Wi.sconsin  is  pro|)eriy  refeirwl  to  under 
that   name. 

The  existence  of  lead  «>re  in  tins  di.Htrict  wjis  doubtless  known  fn»m 
the  time  of  the  earliest  journeys  of  white  men  to  the  upper  Mississippi 
Valley.  The  I'rcnch  explonitinn  of  the  n'gi«»n  liegan  with  Nicolet's  voyage 
in  \IVM.  The  <MMurrence  of  lead  ore  wjis  actually  n'|Kirte«I  txn  early  as 
KWvS.     Nicholiis   I'emil   is  err<lite«l   with  having  disrovore<l  the  minenil 

•  Ji>hn  N"  I>ftvi«l«nn.  Pmtwilinjni  rrf  the  HUktr  IliiitorictU  Swioly  •»(  Wwconnin. 
4ri||i  nnniutl  iiMftin^.  |i    I'M! 
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in  10S2.'  The  location  of  niincs  was  shown  on  Hennepin's  map,  1687.^ 
Joutol,  who  was  in  the  country  as  earh'  as  1687,  says  that  "travelers 
who  have  been  at  the  upper  jjart  of  the  Mississippi  affirm  that  they  have 
found  mines  of  very  good  lead  there."  As  early  as  1G90  lead  was  pur- 
chased from  the  Indians  by  traders  at  Peoria.^  Nicholas  Perrot  in  1690 
discovered  lead  ore  that  was  "hard  to  work  because  it  lay  between  rocks 
and  reciuired  blast insi;,"  and  established  a  trading-post  opposite  the  pres- 
ent site  of  Dubuque,  while  Le  Gucur  in  1695  located  on  an  island  further 
up  the  river  and  at  these  posts  load  was  a  regular  article  of  commerce. 
In  August,  1700,  Le  Sueur's  exi)oditi()n,  which  ])rcviously  in  the  same 
year  had  discovered  lead  ore  in  ^Missouri,  found  it  also  near  the  southern 
boundar}^  of  Wisconsin, 

Earh^  notes  as  to  the  occurrence  of  lead  in  this  region  are  multifold, 
but  they  chronicle  only  the  discoveries  at  numerous  places,  and  the  petty 
transactions  at  the  temporary  posts  of  French  traders.  There  was  no 
systematic  attempt  at  mining,  although  ^I.  le  Guis  is  said  to  have  found 
18  or  20  mines  in  operation  along  Fever  River  in  1743.  In  1769  a  con- 
cession for  mining  was  granted  to  Martin  ^liloney  Duralde,  but  he  seems 
to  have  taken  no  advantage  of  it. 

The  first  striking  figure  established  permanently  in  the  Wisconsin  lead 
region  was  .lulien  Dubuque,  a  man  of  remarkable  energy  and  singular 
popularity  among  the  Indians,  whose  post  was  the  site  of  the  city  in  Iowa 
which  now  bears  his  name.  According  to  Schoolcraft  Mead  ore  was  dis- 
covered there  in  1780  by  the  wife  of  Peosta,  a  warrior  of  Kettle  Chief's 
village.  In  1788,  at  a  council  held  at  Prairie  du  Chien,  the  Sac  and  Fox 
Indians  granted  these  lead-bearing  lands  to  Dulnique,  who  in  1796  re- 
ceived a  confirmation  of  the  Indian  grant  from  Baron  de  Carondelet, 
governor  of  Louisiana,  in  which  they  were  designated  the  "Mines  of  Spain." 
Dubuque  dug  ore  from  surface  pits,  erected  furnaces  and  constructed 
roads  from  the  mines  to  the  furnaces.  Although  his  own  lands  were 
situated  on  the  western  side  of  the  river,  he  seems  to  have  carried  on  a 
trade  in  ore  with  the  Indians  east  of  the  river.  In  1805  Dubuque  was 
visited  by  Lieutenant  Pike,  who  reported  that  he  found  Dubuque  "polite 
but  evasive."  Pike  did  not  visit  the  mines,  but  he  learned  from  Dubuque 
that  the  production  of  the  furnaces  was  20,000  to  40,000  lb.  of  lead  per 
annum,  that  being  a  yield  of  75%  out  of  the  ore  smelted. 

After  Dubuque's  death,  in  1809  all  of  his  works  were  destroyed  by  the 
Indians.     However,  they  continued  to  dig  lead  ore  intermittently,  selling 

'  R.D.Irvinj!:,  Mineral  Resources  of  Wisconsin,  Trans.  Am.  Inst.  Min.  Eng.,  VIII,  498. 

2  H.  Foster  Bain,  Zinc  and  Lead  Deposits  of  tlie  Upper  Mississippi  Valley,  Bulletin 
No.  294,   United  States  Geological  Survey,  p.  2. 

3  Senate  Document,  No.  87,  29th  Congre.ss,  1st  Session,  1846. 
■■  Narrative  Journal  of  Travels,  etc.,  Albany,  1821,  p.  348. 
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it  to  Irailrrs  wlm  li:tii  rii<lr  furiians  on  i^lall(i>  ...  </<•  i.x  i.  and  iilw)  Kinolt- 
inR  it  tliriiist'lvtv.  Ill  I'rbniary.  ISM),  NirholaM  lioilvain  fniind  thai  the 
Iiidiatis  had  inostly  al>aiid<M)n|  the  rhaM>,  except  to  funii>«h  theiiiMelvGM 
with  meat,  ami  tiiriie*!  their  att<>i)tioM  to  h>ad  iiiiiiiiiK,  whiih  they  found 
niort*  pnihtaltle  than  hunting.  In  |S|()  they  nia<le  LIM)  tons  of  pij;  h-ad. 
In  ISII  (HMir^e  K.  Jackson,  a  Mirvsoiiri  miner,  had  a  nide  loy  furnuee  on 
an  island  nearly  op|N>site  the  month  «if  Catfish  Cnvk.  lie  lloate<l  liiM 
leatl  to  St.  I^>iiis  l>y  flatlNiat.  lie  had  much  trouMe  with  tlie  Indiana, 
who  dislikeil  Mn^lishmen  and  Americans.'  In  IS12  !.'{  .lohn  S.  Miller 
joininl  fortunes  with  Jackson,  hut  s«Min  afterward  they  al»andone<I  their 
furnace  and  ivturne<l  <lown  the  river.  lietwj-en  IM')  and  iSJt)  C'upt. 
John  Shaw  made  ei^ht  trip.s  with  a  tradin^-l)oat  In'twcH-n  St.  Louis  and 
Pniirie  du  C'hien  and  several  times  visited  I  ho  i'ever  Uiver  mines,  at  one 
tinie  huying  70  tons  of  h'ad  fn)n>  the  Indians  workinp  there.  The  firni 
natlM)at  carj:o  of  lead  from  thesi*  mines  was  hrou^ht  to  St.  Louis  l»y  Col. 
CieorKO  I>aven|)ort  in  ISKi.  John  S.  .Miller  revisited  the  lead  region  in 
ISIS  and  afjain  in  ISJ.'}  on  trading  ex|)e<Iitions.  It  is  clearly  evident 
that  from  the  In'^innin;;  of  I)ulMH|ue's  working  up  to  the  |N'rmancnt 
American  occu|>ation  of  the  region  a  considerahle  (plant ity  of  lead,  amount- 
iiiR  to  iiH  much  as  2(K)  tons  in  a  year,  was  ship|M><l  from  it  to  St.  Ix>ui.><. 
This  rrpn'.sonte<I  a  nit  her  remarkaMe  Iiulian  imlustry.  There  wen- 
8:iid  to  lie  alxtut  !?()  Indian  furnaces  in  o|)eration  near  the  prt>sent  site  of 
(•alena.  III.,  in  1SI5.  Of  course,  these  o|)erations  were  of  the  ino.st 
primitive  character.  .\  pictun'.s(jue  description  of  them  was  piven  liv 
Sch«M>lcnift ,'  who  in  IK2()  went  hy  canoe  from  Prairie  du  C'hien  to  Kf"!'- 
Chief's  village  (Duiiurpie).  as  follows: 

"The  district  «»f  country  generally  calle<l  Duhufpie's  leatl  mines  em- 
bracer an  area  of  alMUit  'Jl  s(juart»  leagues,  commencing  at  the  mount  of 
the  Little  Ma(|uan(|uitons  River.  ('►()  miles  U'low  I'niirie  du  Chien.  ami 
extentling  along  the  west  hank  of  the  Mi.ssi.ssippi  seven  leagues  in  fnint 
l>y  thnv  in  depth.  The  principal  mines  are  situate<I  on  a  tnict  of  one 
sfjuarc  league,  commencing  imme<liately  at  the  Fox  village  of  the  Kettle 
Chief  and  extending  westwanl.  This  is  the  wat  of  the  mining  o|»enition9 
formerly  carri«'<I  on  l»y  Duhuipie,  and  of  wluit  an*  calUnl  i\\v  Indian  dig- 
gings. The  ore  found  is  the  c(»mmon  sulphun^t  «»f  lead,  with  a  l»n»ad 
foliate<I  Htniclure  and  high  metallic  luster.  It  occurs  massive  and  dis- 
.seminated.  in  a  re<Idi.Hh  loam,  nesting  ui>on  limestone  rock,  and  sometiiiM*!* 

'  Tlip  whtilo  fif  ftti«  tf-rrilnry  wn.<i  AnuTirnn  ilom.-iin  nt  ihii  titnc  I'p  lo  Nov.  .'I, 
ITfi'J.  Krnnrr-  hi-M  of  Idtilt  ■kIi-h  df  iIm'  M  '  ui  •ho  ihon  rr«l«"«l  the 

nM«t«>rn  half  of  \\v  ■  (Invit  Hrilain.  wliirh  I«h.  ,,n  .Ipnl  -M.  1704.  nn«l 

llic  wiiitrni  half  to  ."^{tain,  whirli  nllownl  nix  ymn«  l<»  i'ln|>M>  IWom  ulio  iiMninteil  rluiricr. 
In  IWV'J  Fmnm  n^nin  took  poi»(«*«nion  of  I.<>Mi«iniui  nn«l  nlmo«t  immr«lia(«*ly  f">'l  •'  •" 
tho  rnit(>ii  StalOK.  which  tcmk  fomuU  pov--«.*ion.  Mnrrh  9,  IMM,  at  Si.  Loui*. 

>Op.  nt. 


122  LEAD   AND   ZINC   IN   THE   IGNITED   STATES 

is  seen  in  small  veins  pervading  the  rock,  but  it  has  been  chiefly  explored 
in  alluvial  soil.  It  generally  occurs  in  beds  or  veins  which  have  no  great 
width,  and  run  in  a  certain  direction  300  or  400  3'ards— then  cease,  or 
are  traced  into  some  crevice  in  the  rock,  having  the  appearance  of  a  regu- 
lar vein.  At  this  stage  of  the  pursuit  most  of  the  diggings  have  been 
abandoned  and  frequently  with  small  veins  of  ore  in  view.  No  matrix 
is  found  with  the  ore  which  is  dug  out  of  the  alluvial  soil,  but  it  is  envel- 
oped by  the  naked  earth,  and  the  lumps  of  ore  are  incrusted  by  an  ocherous 
earth.  Occasionally,  however,  some  pieces  of  calcareous  spar  are  thrown 
out  of  the  earth  in  digging  after  lead,  and  I  picked  up  a  solitary  specimen 
of  the  transparent  sulphate  of  barytes,  but  these  substances  appear  to 
be  very  rare.  There  is  none  of  the  radiated  quartz,  or  white,  opaque, 
heavy  spar,  which  is  so  common  at  the  Missouri  mines.  The  calcareous 
rock  upon  which  this  alluvial  formation,  containing  lead  ore,  rests,  appears 
to  be  referable  to  the  transition  class.  I  have  not  ascertained  its  partic- 
ular extent  about  the  mines.  The  same  formation  is  seen,  overlaid  by 
a  distinct  stratum  of  compact  limestone,  containing  numerous  petrifac- 
tions, at  several  places  between  the  mines  and  Prairie  du  Chien.  The 
lead  ore  at  these  mines  is  now  exclusively  dug  by  the  Fox  Indians,  and, 
as  is  usual  among  savage  tribes,  the  chief  labor  devolves  upon  the  women. 
The  old  and  superannuated  men  also  partake  in  these  labors,  but  the 
warriors  and  young  men  hold  themselves  above  it.  They  employ  the 
hoe,  shovel,  pickax,  and  crowbar,  in  taking  up  the  ore.  These  things 
are  supplied  by  the  traders,  but  no  shafts  are  sunk,  not  even  of  the  simplest 
kind,  and  the  windlass  and  buckets  are  unknown  among  them.  They 
run  drifts  into  the  hills  so  far  as  they  can  conveniently  go  without  the 
use  of  gunpowder,  and  if  a  trench  caves  in  it  is  abandoned.  They  always 
dig  down  at  such  an  angle  that  they  walk  in  and  out  of  the  pits,  and  I 
descended  into  one  of  these  w'hich  had  probably  been  carried  down  for 
40  ft.  All  this  is  the  work  of  the  Indian  women  and  old  men,  who  dis- 
cover a  degree  of  perseverance  and  industry  which  is  deserving  of  com- 
mendation. When  a  quantity  of  ore  has  been  gotten  out  it  is  carried  in 
baskets  by  the  women  to  the  banks  of  the  Mississippi,  and  then  ferried 
over  in  canoes  to  the  island,  where  it  is  purchased  by  the  traders  at  the 
rate  of  $2  for  120  lb.,  payable  in  goods.  At  the  profits  at  which  these 
are  usually  sold  it  may  be  presumed  to  cost  the  traders  75  c.  to  $1,  cash 
value,  per  hundred  weight.  The  traders  smelt  the  ore  upon  the  island, 
in  furnaces  of  the  same  construction  used  at  the  lead  mines  of  Missouri, 
and  observe  that  it  yields  the  same  per  cent  of  metallic  lead.  Formerly 
the  Indians  were  in  the  habit  of  smelting  their  ore  themselves,  upon 
log  heaps,  by  which  a  great  portion  was  converted  into  what  are  called 
lead  ashes  and  thus  lost.  Now  the  traders  induce  them  to  search  about 
the  sites   of   the  ancient   fires,  and  carefully  collect  the  lead  ashes,  for 
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which  ihrv  htimvc  $1  jht  lni>h('I  dt-hvpn**!  :it  thr  i>ljinil.  fmyahU'  in  mrr- 
t*h»mlis<\" 

It  is  supiMiscMl  that  the  Frcnrh  lir«t  »h<»wi««|  iho  ItxiiaiiH  how  to  rninn 
aiui  smrU  l\\v  on\  ami  thus  ol)tain  metal  for  liullrts  for  the  ruiim  whirh 
they  ari|uire«l  throuj^h  tnide.  Then*  is  no  evidence  that  the  Anieriran 
H)M>rigineM  ever  pmctise*!  the  art  of  smelt in^  liefore  the  advent  of  tlu* 
white  men.  The  meth<Hls  in  vogue  amoiif;  the  Indians  were  sul>stanlially 
the  same  as  employml  l»y  th«j  whiles  in  the  earher  days  of  lead  mining, 
and  are  thus  ilescrilKMi  hy  an  eye-witness,  writing  in  ISI'J:'  "A  hole  wits 
dug  in  the  face  of  a  piece  of  sloping  ground,  aUiut  2  ft.  d<H'p.  and  a.s  wide 
at  lite  top.  This  hole  was  sha|)<Hi  like  a  mill-hop|H'r  an«l  line<i  with  flat 
htones.  At  the  lM)ttom  or  |>oint  of  the  hop|H'r.  whicli  wius  S  or  9  in.  »<|uare. 
narrow  stones  were  laid  acni.ss,  gratewi.se.  A  trench  was  dug,  from  the 
sloping  ground  inward  to  the  lM)ttom  of  the  hop|)er.  This  chaimel  wa.s 
a  f<M)t  in  width  and  height,  and  was  (ille<l  with  dry  wcmmI  and  hriush.  The 
hopix»r  l»eing  filletl  with  the  ore  and  the  fuel  ignited,  in  a  few  minutes 
the  molten  lead  fell  thnuigh  the  stone  at  the  lH)ttom  of  the  ho|)|)er,  and 
thence  wa.s  di.xchargetl.  thn)Ugh  the  trench,  over  the  earth.  The  fluid 
mass  wa.s  then  p«)ure<l  into  an  awkwanl  mould,  and  :is  it  c«H>le<l  w:i.s  calle<l 
a  'plat'  weighing  alx>ut  70  Ih.,  very  nearly  the  weight  of  a  'pig'  of  later 
days.  "» 

As  a  rule  the  Indians  did  n<nhing  l>ut  .-^kim  the  .surface,  hut  occasionally 
they  drift eil  into  side-hills,  and  when  they  ri'ached  n)ck  they  continue<l 
l»y  that  universjil  form  of  primitive  mining  ealletl  "  fire-.sftting,"  I'.r.. 
building  a  fire  against  the  nxk  and  cnicking  it  l>v  da-shing  col<l  water 
ui>on  the  healteil  surface.  Their  tools  in  the  earliest  times  were  huck- 
horns,  hut  in  Duhucpie's  time  they  ohtaine<l  hoes,  shovels,  and  err>w- 
l>an<.  The  ore  was  dnigge<l  up  to  the  surface  in  hags  made  of  dec-rxkin. 
Many  of  these  Indian  workings,  ahandcuied  when  mining  Uvame  too 
diflicult  for  their  primitive  t<K)ls,  were  suhsecjuently  exploitwl  hy  the 
whites  and  fotmd  t«)  l»e  among  the  l)est   in  the  n^gion. 

I'l)  to  jsil)  lead  niining  in  Wi.'^consin  was  rather  the  primitive  effort 
of  the  Indians  and  the  spasm<Hlic  interest  of  tnwlers  than  the  prtw«*ru- 
tion  of  a  real  mining  industry.  In  the  meanwhile  mining  wjis  Ix'ing 
regularly  c(»ndu<'te<l  in  Mi.s.*^)uri,  especially  after  the  advent  <»f  .Mos««s 
AiLstin   and   the  purcha.se  of   I^iuisiana   territory   l»y   the   Tniteil   J^tates, 

'  tiuolnl  l»y  Uruhrn  (loM  Thwnit***,  Collrclinnn  of  the  WiMmnnin  Ilwtoricnl  Nv 
cirty.  XIII.  p   -'M . 

'  Tltw  wnj«  An  impmvoinrnt  over  rnrlirr  <lfty»«  whi-n  tlm  ItxItAiK  rr»lMn>I  i)\r  mit>«*nil 
on  top  of  Inner  firr!*.  "  I.nr|tf*  lojrn  w»»iil<l  Jw  plnrf<«l  on  thr  grnun«l  nn*!  Miuillor  picfvii 
of  wcmmI  pilml  nmiind  nml  thr  on'  licn|i«il  on.  Ttio  firr  would  Im>  irt  in  (hr  rvrniniE  unci 
in  the  mominfc  nhniwlr.'w  piocwi  of  \rmi  woiiM  \w>  fotind  in  rnkrw,  or  muill  holm  M*nilrhrcl 
in  thr  mrth  tindrr  thr  Um*.  or  i«>niptin)r<(  in  nhA|)r|oM  nuunm  Thcw  piorr«  wrrr  K>ld 
to  the  tradrni."     (WijimnMn  IIiMohral  Collcctionit.  II,  p.  'ZiS.) 
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and  a  skilful  and  encrjj;etic  mining  po]nilati()n  had  been  developed.  These 
began  to  be  interested  by  the  reports  of  the  rich  mines  farther  up  the 
river  and  adventurous  spirits  migrated  thither,  not  only  from  St.  Louis, 
but  also  from  along  the  Ohio  and  elsewhere.  The  influx  of  Americans 
into  the  Wisconsin  region  began  in  1819  when  Jesse  W.  Shull,  later  the 
founder  of  Shullsburg,  Wis.,  established  a  trading-post  in  the  neighbor- 
hood of  Galena.  Shull,  who  was  ordered  there  by  his  principals,  at  first 
refused  to  go,  from  fear  of  the  hostile  Indians,  who  had  lately  murdered 
several  American  traders,  but  they  were  induced  by  promises  and  threats 
made  by  Col.  James  Johnson,  commander  of  the  Federal  forces,  not  to 
molest  Shull.  A.  P.  Van  IMetre  was  at  this  time  operating  a  small  smelting 
furnace  on  the  east  side  of  the  Fever  River.  Col.  James  Johnson,  of  Ken- 
tuck}',  came  to  the  Fever  River  in  1819  or  1820  and  did  some  mining 
and  smelting.  These  appear  to  have  been  the  first  Americans  to  remain 
in  the  region  for  the  purpose  of  mining  and  smelting  as  a  continuous 
business.  It  was  not,  however,  until  1821  that  attention  began  to  be 
widely  attracted  to  the  region,  and  not  until  1823  does  the  lead  produc- 
tion begin  to  figure  in  our  statistics.  In  that  year  the  output  is  said 
to  have  been  168  tons.  However,  the  production  in  1824  was  only  87 
tons,  and  in  1825  and  1826  only  332  and  479  tons,  respectively.  But 
the  beginning  had  been  made,  and  in  1827  the  output  was  2590  tons, 
considerably  surpassing  that  of  Missouri,  and  from  that  time  until  about 
1871  Wisconsin  was  the  leading  producer  of  lead  in  the  United  States; 
indeed  it  was  the  chief  source  of  supply. 

The  early  history  of  the  Wisconsin  lead  region  —  from  1634  to  1829 
— is  given  with  considerable  detail, especially  as  to  the  reports  of  the  French 
pioneers,  Dubuque's  operations,  and  the  traders  in  the  first  two  decades 
of  the  nineteenth  century  by  Reuben  Gold  Thwaites  in  a  paper  "Notes 
on  Early  Lead  Mining  in  the  Fever  River  Region,"  in  Collections  of  the 
Wisconsin  Historical  Society,  vol.  XIII,  pp.  271-292.  It  is  evident 
from  the  frequency  and  character  of  these  reports  that  the  Government 
of  the  United  States  must  have  been  fully  alive  at  an  early  date  to  the 
great  possibilities  of  the  region.  That  this  was  the  case  is  manifest  from 
the  treaty  concluded  at  St.  Louis,  Aug.  24,  1816,  which  granted  to  the 
Indians  all  lands  lying  north  of  a  line  drawn  due  west  of  the  southern 
extremity  of  Lake  Michigan  to  the  Mississippi,  except  a  tract  five  leagues 
square  on  the  Mississippi  River  to  be  designated  by  the  president.  This 
reservation  w^as  intended  to  include  the  lead  mines,  the  exact  location 
of  which  was  as  yet  undefined.  By  Act  of  Congress,  March  3,  1807,  all 
of  the  mineral  lands  of  the  territory  of  Louisiana  were  reserved  from 
sale  with  the  provision  that  they  should  be  leased  for  terms  of  three  to 
five  years  at  an  annual  rental.  The  lands  thus  reserved  amounted  to 
1,428,480  acres  in  Wisconsin,  345,600  in  northern  Illinois,  and  184,320 
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in  Iowa.  A  s\i|)crintonclcnt  of  iiiinr.s,  IokpiIht  with  aJ*Mi.stallt^^,  was  a|»- 
pointo<l,  ami  a  royalty  of  10'  <  of  the  pnnlucc  of  the  laiulM,  payable  eithrr 
in  cash  or  in  the  lra«l  ilsrif,  was  oxartj"*!. 

Althounh  the  li'a.sinj»  .system  wa«  early  intro«luce<l  in  .Mi.ssouri,  in  Wi»- 
('on.sin  it  tliil  not  obtain  for  many  years  and  the  pioneers*  operatetl  there 
on  their  own  arrount  an«l  without  rontrol.  The  lirst  lea.s<>  in  the  Fever 
Kiver  region  wa,s  jjranteil,  Jan.  I,  1S22,  to  T.  1).  Carneil  ami  lk>njamin 
JohnHon  ami  .Messrs.  SuRRett  an«l  I'ayne,  all  of  Kentucky.  Lieut.  C. 
Hunline.  l'.  S.  .\.,  wa.s  onlennl  to  aid  tliem  in  M-iectinj;  \iH)  arre.s  each, 
ami  to  pn>tect  them  with  an  anne*!  f»»rce,'  hut  no  re.sult  of  the  exjiedi- 
tion.  if  it  wiis  undertaken,  api)ears  to  have  lK»en  pul)li.she<l.  Col.  James 
John.'Min,  wiio  had  pn'viou.sly  InM-n  «)|>eratinK  in  the  region  without  a 
license,  was  granted  a  three-year  lea.se,  .\pril  12,  ISJJ.  lincamping  where 
Cialena  now  stands,  under  stn»ng  military  pmtection,  John.s4in  commence*! 
o|>enitions  on  the  most  extensive  .scale  yet  known  in  this  region.  Other 
leases  were  .soon  afterward  taken  out,  hut  at  tliis  time  and  until  the  sys- 
tem was  aband«)ned  the  unlicen.setl  plants  could  Ix;  numlx»re<l  by  the 
se<»re.  .\s  in  Missouri,  the  system  early  provoked  opjmsilion  and  much 
friction  resultc<l.  Comparatively  few  lea.ses  were  taken  out  either  in 
Mi.ssouri  or  the  I'piwr  Mi.ssi.ssippi,  and  when  in  lS4r)  the  system  was 
alMilisheil  it  was  shown  tliat  the  total  royalty  collei'ti^l  Ix'tween  IS41 
and  1.S45  was  only  $14.'),  174.40,  while  the  direct  cost  of  c«)llection  was 
$<iS,464.50,  Ijcsides  which  a  consideniblc  additional  sum  had  been  s|)ent 
in  litigation.' 

It  is  worth  while  to  pau.se  here  to  consider  this  interesting  trial  by 
the  I'nited  States  of  national  ownership  of  develojKHl  mines.  .\t  the 
time  of  adoption  of  the  policy  the  Republic  wius  not  20  years  old.  It 
had  no  mining  industry  of  consequence,  and  as  a  nation  was  inexiwrienceil 
in  the  exploitation  of  mineral  resources.  In  many  of  the  old  countries 
minenils  were  reserve<l  by  the  cniwii  which  lM'stowe<l  mining  rights  in 
consideration  of  royalties  upon  the  pnuluce.  It  was  natund,  therefore, 
that  the  United  States  u{)on  acipiiring  an  immen.sc  territory  of  little 
explr»red,  practically  unsettled  land  i\s  the  pni|x»rty  of  the  nation  should 
have  aimed  to  .se<ure  for  the  direct  InMielit  of  the  whole  jieople  a  fair 
portion  of  its  mineral  yield.  This  |)olicy  was  8<»und  in  theory,  and  was 
amply  sanctioned  by  prece<lent  in  fonMgn  countries.  It  found  sul»sc- 
quently  successful  application  in  the  I'nited  Statt*,  an  we  shall  .see, 
although  not  in  so  genenil  a  way  as  was  rontem|)late<l  by  the  Art 
of  1S07. 

However,  the  jx»ople  who  had  but  lately  tliDwn  off  the  yoke  of  (Jreal 
Hritain  looked  unkindly  ujion  (Jovernment  interference,  and  indeed  upon 

'  History  of  Ijifayrttc  ( oiinty,  \V»Mx«Mun.  p    102. 

•  Senate  Ex.  Doc.  No.  h7,  'J9lh  CotiRrrw,  Ut  wasuon,  1.S46. 
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anythiii.ir  that  savored  of  landlortlisni.  About  tlie  time  when  the  Wis- 
consin lead  rcfiion  was  being  develo})Ctl  the  country  was  experiencing  a 
change  from  the  old-fashioned  Republicanism  of  Monroe  and  John  Quincy 
Adams  to  the  aggressive  democracy  of  Andrew  Jackson.  The  authority 
of  the  Government  was  exercised  more  and  more  feebly  and  more  and 
more  l\v  unworthy  men.  There  were  many  scandals  and  injustices  in 
connection  with  the  mining  leases,  and  to  the  ])ioneers  who  were  carving 
out  the  frontier,  mining  almost  with  rifle  in  hand,  the  system  of  taxing 
their  single  industry  for  the  benefit  of  the  rest  of  the  people  was  utterly 
repugnant. 

Yet  we  have  seen  later  on  in  the  Joplin  district  of  Missouri  the  intro- 
duction and  cheerful  acceptance  of  a  system  precisely  similar  save  that 
the  royalt}'  was  paid  to  the  private  owner  of  the  land;  we  have  seen  in  the 
Rocky  Mountains  the  eagerness  with  which  the  miners  have  adopted 
the  tribute  system;  and  we  have  seen  several  of  the  States  reserve  their 
mineral  lands  and  lease  them  to  private  operators,  as  for  example  coal 
lands  in  Colorado  and  phosphate  lands  in  South  Carolina,  with  entirely 
successful  results.  In  1906  President  Roosevelt  advocated  that  the  Fed- 
eral Government  pursue  a  similar  policy  with  respect  to  its  remaining 
coal  lands,  and  the  conservation  of  our  natural  resources  for  the  benefit 
of  the  whole  people  has  been  one  of  the  distinguished  policies  of  his 
administration. 

Apparently  the  chief  fault  of  the  policy  inaugurated  in  1807  was  that 
it  was  ahead  of  the  times.  Its  abandonment  in  1846  was  undoubtedly 
wise.  The  development  of  the  West  has  unquestionably  been  promoted 
by  granting  the  prospectors  a  free  hand.  If  the  Nation  has  received 
little  in  direct  returns  from  the  sale  of  its  lands,  and  nothing  from  royalties, 
it  has  benefited  immensely  in  many  other  ways. 

The  early  history  of  the  lead  region  of  Wisconsin  has  been  written 
by  Dr.  Moses  Meeker,  himself  one  of  the  pioneers,  Avho  describes  graphi- 
cally the  trials  and  tribulations  of  the  initial  development.*  Dr.  Meeker, 
who  was  born  in  New  Jersey,  settled  in  1817  in  Cincinnati,  Ohio,  he  being 
then  17  years  of  age,  where  he  engaged  successfully  in  the  manufacture 
of  white  lead  until  1822,  when  he  visited  Galena.  He  went  back  to  Cin- 
cinnati for  his  family  and  returned  to  Galena  in  1823,  and  remained  per- 
manently in  the  lead  region.  Immediately  upon  his  arrival  he  commenced 
the  smelting  business  in  which  he  continued  for  many  years.  Dr.  Meeker 
first  heard  of  the  Wisconsin  lead  district  during  a  visit  to  St.  Louis,  whither 
he  had  gone  from  Cincinnati  to  purchase  pig  lead.  At  that  time  lead 
smelted  by  Indian  traders  was  coming  from  up  the  river  by  keel-boat 
to  St,  Louis,  and  Col.  James  Johnson  of  Kentucky  was  fitting  out  an  ex- 
pedition to  work  the  mines  on  the  Fever  River  (now  Galena).     About 

'  Collections  of  the  State  Historical  Society  of  Wisconsin,  vol.  VI,  pp.  271-296. 
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this  time  ul.so  an  advertiMMiuMit  apiK'artMl  that  the  (loveniiiK'nt  wiiuM 
lease  certain  lead  himls  of  the  r|)i»er  .Mi.HKi.x.sippi  for  u  n»yalty  of  one  tenth, 
the  lesstH*  InMn^  oMineil  to  jjive  a  IhhhI  ami  security. 

Col.  James  John.son  ami  others  arrived  on  the  Fever  Hiver  alxtut 
July  5,  IS'2'2.  Anticipating  opfxtsition  fntm  the  Indiaiu*  he  had  |)n>- 
(un'd  an  onier  fnun  the  Secretary  of  War  to  the  local  commanding  oflicer 
to  meet  him  with  a  force  sullicient  to  overawe  the  Indians.  The  Sacs 
and  Foxes  had  determined  tx)  resist  the  landing,  hut  learning  that  thia 
would  Im'  in  vain  had  concludetl,  l»y  virtue  of  nece.»isity.  t«»  let  the  white 
men  work  with  them. 

During  the  summer  of  1S2'2  a  great  many  notices  wen*  puMished  in 
the  pa|)ers  of  St.  I>)tiis  concerning:  the  richne.»<s  of  the  mines  of  the  r|)|¥'r 
.Mi.ssi.ssippi.  When  Dr.  Meeker  arriveil  at  I'ever  Hiver,  Nov.  12,  1S22, 
he  found  alxmt  .'K)  white  men  there,  an<l  three  log  furnaces  for  smelting. 
When  he  went  hack  to  lY'ver  River  the  next  spring  he  took  with  him  a 
party  of  l.{  |)ersons.  The  journey  wtus  made  hy  ktvl-lntat,  down  the 
Ohio,  then  up  the  Missi.ssippi.  This  wjus  the  way  in  which  the  pioneers 
went  to  the  Wisconsin  lead  n'gion.  Dr.  .Meeker's  jfturney  fnun  St.  I>)uis 
to  Fever  Hiver  occupied  'M  days;  from  Cincinnati  the  time  was  .>S  days. 

The  (lovcrnment  had  stationed  two  officers  of  the  Ordnance  Depart- 
ment at  I'ever  Hiver  as  surveyors,  but  no  agent  had  yet  l)een  sent  out. 
.\t  this  time  tl»e  (lovernment  had  put  the  business  of  the  lead  mines 
under  the  Ordnance  Department.  Toward  the  close  of  the  year  (lS2.'i) 
Colonel  Johnson,  finding  that  he  could  n(»t  o|X'rate  profitably,  decided  to 
leave  the  district  and  urged  Dr.  Meeker  to  do  likewi.«<e,  but  the  latter 
had  a  keener  |x?rception  of  its  ix>ssibilities.  In  this  year  Colonel  Johason 
pn»duced  alxMit  'M)  tons  of  pig  lead.  Dr.  .Mtvker  S.")  tons.  Thos.  If.  January 
J2J  tons.  Bates  and  Barrel  2o  tons;  and  David  (1.  Bates  and  A.  1'.  \'an 
Metre,  on  an  islanti  in  the  Mi.ssi.ssippi,  op|)osite  Dubuque,  of  mineral 
and  ashes  purchjused  of  the  Indians,  .50  tons;  making  the  total  pmduct 
of  lead  ship|ied  for  the  year  2 12 J  tons. 

The  pionc"cr«  sufTercd  numy  hardshi|)s.  Sanitary  conclitions  were 
|»o<»rly  attende«l  to  an<l  there  wixs  much  sickness  fn)m  fever  and  ague 
an<l  typhoid  fever  (whence  evidently  the  name  of  the  .settlement).  The 
pntduct  of  pig  lend  wiw  ship|)ed  down  the  river  to  St.  Ix>uw  by  keol-lK>at«, 
.md  on  the  return  trip  the  Iniats  l)n)Ught  the  nece.ssary  su|>plies.  but  the 
voyages  were  irregular  and  often  delayed,  and  of  course  were  in»|)ossiblc 
durinft  the  winter.  Hence  there  was  sometimes  a  shortage  of  8upplie«. 
and  in  sul>si.sting  on  .sour  flour  :u>d  condemne<l  army  jiork  the  pe<iple 
stifTered  fnun  sctirvy. 

In  1S24  the  mines  at  Hnzcl  (Ireen  and  New  Diggings,  wliich  pnn-ed 
to  l>e  rich,   were  discovered.      However,  although   mining   went   steadily 

i^V    and    lU-U     rit)il>^    \\i>ri>    tii<ii|i>    friiln    liiiw>    I/I    fiini>      tlii-n*    U -i-^    (lot     Inlll'll    1111- 
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iniiiration  iiitd  the  tlistrict  either  in  1S24  or  1S25.  About  this  time, 
Cohmel  Bomfoni,  the  chief  of  tlie  Orchiance  Department,  upon  the  recom- 
mendation of  Dr.  Meeker,  made  a  chanj:;e  in  the  system  of  collecting  the 
royalty,  the  smelters  bein^  fj;ivcn  a  license  and  being  made  responsible 
for  the  I0'7c  of  the  lead  due  to  the  Clovernment.  In  1825  Lieut.  Martin 
Thomas  arrived  at  Fever  River  as  superintendent  of  the  mines  claimed 
by  the  Governiuent,  both  in  the  Upj)er  Mississi])pi  and  in  Missouri.  It 
apjx^ai's  from  the  report  of  Lieutenant  Thomas  made  to  Congress  in  1820^ 
that  tiiere  were  in  the  I* ever  River  diggings,  July  1,  1825,  about  100  per- 
sons engaged  in  mining;  Dec.  31,  1825,  a1)out  151;  ^larch  31,  1826,  about 
194;  and  Aug.  31,  1826,  about  453.  In  1827  the  name  Galena  was  applied 
to  the  largest  settlement  on  Fever  River,  six  miles  from  its  junction  with 
the  Mississippi.  The  heaviest  immigration  into  the  district  began  in 
1826.  In  1829,  R.  W.  Chandler,  of  Galena,  published  in  Cincinnati  a 
map  of  the  lead  region  on  the  eastern  side  of  the  Mississippi  River,  show- 
ing the  location  of  all  the  diggings,  trails,  and  Indian  villages  of  that  time.- 
The  method  of  smelting  in  vogue  in  Wisconsin  at  this  time  was 
exceedingly  primitive,  being  indeed  substantially  the  same  as  that  prac- 
tised in  Missouri  at  a  considerably  earlier  date.  The  smelting  was  done 
in  log  and  ash  furnaces.  The  log  furnace  was  built  ujjon  a  bank  so  as 
to  have  a  slope  of  45°.  A  strong  wall  was  built  parallel  with  the  bank, 
with  transverse  walls  back  to  the  bank,  4  ft.  apart.  The  hearth  consisted 
of  a  flagstone  laid  so  that  the  lead  would  flow  down  into  the  basin  in 
front  of  the  furnace.  Side  walls  were  placed  on  the  hearth,  9  in.  high 
and  9  to  12  in.  wide.  In  the  front  wall  there  were  stoke  holes,  10  in. 
wide  by  20  in.  high.  Logs  about  3  ft.  10  in.  long  and  14  in.  to  2  ft.  in 
diameter  were  rolled  in  upon  the  side  walls,  which  supported  them  above 
the  hearth,  leaving  room  for  small  wood  beneath.  After  the  logs  were 
set  sticks  of  wood  were  placed  vertically  around  the  walls  (this  being 
called  the  "barking").  The  ore  was  then  put  in  on  the  logs.  Each  fur- 
nace, or  rather  each  division  of  the  furnace  (the  division  being  called 
an  "eye,"  the  whole  furnace  comprising  two  or  four  eyes),  received  from 
3000  to  4000  lb.  of  ore.  After  charging,  a  slow  fire  was  kindled  under 
the  logs  and  allowed  to  burn  until  the  ore  arrived  at  dull  red  heat,  when 
the  fire  was  drawn  from  below.  The  logs  and  barking,  together  with  the 
sulphur  of  the  ore,  would  keep  up  a  moderate  combustion  which  con- 
tinued about  six  hours.  A  brisk  fire  was  then  started  under  the  logs, 
causing  the  lead  to  flow  down  from  the  ore  into  the  basin,  which  was  kept 
hot  by  a  fire  maintained  upon  it.  The  whole  operation  of  charging  and 
smelting  occupied  about  24  hours. 

'  House  Ex.  Docs.,  19th  Congress,  2d  Sess.,  ii,  No.  7. 

-  A  reproduction  of  this  map  is  to  be  found  in  Wisconsin  Historical  Collections,  XI, 
p.  400. 
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When  Ji  sufliriont  quantity  of  iwlios  arriirnul:ilc<l  they  wvrv  lnal4*ii 
hy  fiixt  \va.shiii^  tluMii  rlcaii  and  then  Mntoltin>;  tlu'iii  in  an  umH  furnace. 
Tlic  :l«<Ii  fnruarf  \v:l«<  also  «Mm>tnirt4><l  on  a  l»ank,  l»ut  otluTwi.si'  Wim  ijuile 
•  litTorxMit  fmni  thr  I«»k  furna<«'.  Tlicn-  wvrv  walln  raiM-d  aU»ut  ',i  ft.  Ittgh 
an<i  IS  in.  a|Kirt  and  5  ft.  Iouk  for  the  a^h-pit.  The  original  mode  of 
tnakiiiK  the  urate  \v:i.s  l»y  htyitiK  nuks  tran.svers<»ly.  Th«'  hn-phuj'  \v:m 
>o  rtMLstrui'ted  that  the  bhize  wjus  thrown  u|)on  tlie  l»;i>in.  The  hjc^in 
wjLS  constnicted  in  an  oval  sha|)e,  and  .so  that  it  could  tN>  tapfied  on  lN>th 
!■!<  -  ■'  '•  -  'N'  for  shii;  and  the  other  f<tr  l»»ad  and  zane.  (Zane  w:lh  \u\- 
ii  c  .'!iij"  .  :  nri'.  which  had  t<»  In*  n'smelt<*d  in  the  lo^  furrjace.)  Inun 
the  Inusin  there  w:l'<  a  (hie.  somewhat  funnel-sha|)ed,  at  an  inchnation 
of  \.Y,  with  a  flat  hearth,  and  at  the  top  then»  w:ls  a  phice  to  put  tht* 
:i.xhes  to  l>e  snu'Ited,  the  charge  U'in^  pu.^hed  into  the  fhie  .'ls  it  melteil, 
running  thence  down  into  the  bjLsin.  The  clean  a.shes  smelte*!  in  these 
1 'tiiaces  were  a  mixture  of  unde<-omjx»se<l  arv  anti  gray  .sulphate  and 
«\i  ie  of  lea«l.  The  ash  furnaces  were  kept  going  day  and  night  until 
the  lM>ttoms  t»f  the  Hue  and  l):usin  were  cut  out  *' hy  the  action  of  the  sul- 

':»te  of  lead   comI)ined    with  heat."'     In    IS'J.'J   it    w:ls   considere<l    a 

i  !ush  furnace  that  would  run  2o  toas  of  lead,  hut  suliseijuently  they 
were  impn»veil  S4i  that  they  were  good  for  a  production  of  SO  tons.  How- 
'  '  • .  lH)th  the  log  and  the  ash  furnaces  were  highly  w:isteful  of  leail. 
i     -  uiethoil  of  smelting  w:ls  practLse«l  up  to  l,s;i()  or  \s:il. 

I'^irly  mining  In  Wisconsin  wits  greatly  im|)eded  hy  troubles  with  the 
Indiarts.  The  latt«>r  were  i>o.s.s<»ssors  of  the  land,  with  certain  rights 
that  were  recognized.  "  .\t  that  time."  says  John  N.  Davidson,'  "it 
>^eems  to  have  l)ccn  the  practically  acceptetl  imderstanding.  as  well  as 
''' <■  '<  '  I  theory,  th:it,  asi<le  fn»m  the  rights  of  Indians,  the  (Jovernment 
i,.  .  1  i'  -^i.lute  ownership  of  land  and  lead.  Mon'over.  a<'Conling  to  the 
treaty  of  ISIO.  which  was  supplenientary  to  that  made  at  St.  Louis  in 
Isiil  ],\  fl'Miral  Harrison,  the  Ciovernfnent  |>o.s>ossed.  free  fmtn  all  Imlian 
<  i  nil-  \\  ;i,it-.>ever,  as  much  land  jis  wouM  equal  in  area  a  tract  five  leaguc-s 
>-<|uare.  As  op|Mtse<l  to  the  view  thus  implied,  the  Winnehjigocs  may 
li  i\r  thought  that  the  land  they  celled  was  not  to  consist  of  |Mirtioiv< 
^<  parate  fn»m  each  other:  indexed  some  <»f  the  military  atithorities 
recognized  the  fact  that  there  mtist  Ijc  limits,  even  within  the  lead  region. 

■  ,  -iiflit  conferred  l>v  this  'five  league  scpi.are*  cession.  Thus  it  is 
]  •   <■   th.'it   until   after  the  so-called    Winnebago   War,   |»o«sib|y   until 

after  the  making  of  the  Prairie  tin  Chien  treaty  of  1S29,  spiecial  |)ermis- 
>^i>.i)  1-  w.'l  xs  a  le:Lsi'  of  the  usu.il  kind.  Would  have  l»een — |ierha|is 
a'tu.iily   w.i-     -  re<piin><|  of  :iny  one  who  wi.she«l  to  mine  within  the  limits 

•  Hr   Mrt-kor.  he  ril 

'  Pnim^iinipi  iif  tlic  Slalr  ilMttirical  .Siirirly  lA  WiMmtuun,  M»l\\  annuiU  mcrtinic,  p. 
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of  what  is  now  Wisconsin.  But  before  1829  the  mining  districts  of  the 
wliite  men  hiul  such  boundaries  only  as  were  set  by  their  convenience, 
or  their  fears  of  the  Indian  scalping  knife." 

The  miners  trespassed  on  the  lands  of  the  Indians  as  far  as  they  dared. 
There  is  reason  to  believe  that  in  some  cases  they  paid  more  or  less  to 
the  Indians  in  the  way  of  rental.  At  all  events,  when  the  Government 
.sought  to  collect  royalty  from  such  smelters  as  were  really  trespassing 
on  Indian  land,  reply  was  made  that  payment  had  already  been  made 
to  the  Indians.  However,  it  is  a  fair  supposition  that  most  of  the  miners 
evaded  all  pa3'ments  if  they  were  able  to  do  so.  Of  course  under  these 
conditions  the  friction  was  dangerous  and  troubles  with  the  Indians  were 
constant.  These  culminated  in  the  Black  Hawk  War,  when  in  the  spring 
of  1832  the  Sacs,  Foxes,  and  Winnebagoes,  under  Black  Hawk,  a  Sac 
chief,  began  to  ravage  the  frontier,  slaughtering  families  and  destroying 
many  settlements.  Federal  troops  under  Colonel  Taylor  and  Illinois 
militia  under  General  Atkinson  were  sent  against  them  and  finally  de- 
feated them  August  2  at  the  mouth  of  the  Iowa,  taking  Black  Hawk  a 
prisoner,  and  putting  an  end  to  the  war.  This  paved  the  way  for  the 
final  opening  of  the  country,  which  took  place  in  1833.  Dr.  A.  G.  Leonard 
has  summarized  the  circumstances  as  below  :^ 

"  At  the  close  of  the  Black  Hawk  war  the  large  tract  known  as  the 
Black  Hawk  purchase,  including  one-third  of  the  present  area  of  Iowa, 
w'as  ceded  to  the  United  States  by  the  Sacs  and  Foxes.  After  the  com- 
pletion of  the  treaty  negotiations  the  miners  again  crossed  over  into  the 
coveted  region,  where  they  built  cabias  and  commenced  to  take  out  much 
ore.  But  a  second  time  they  were  forced  to  leave  because  the  treaty 
had  not  been  ratified.  In  June,  1833,  the  treaty  went  into  effect  and 
the  way  was  at  length  clear  for  settlers  to  take  possession  of  the 
land.  During  the  next  few  years  large  numbers  flocked  in;  prospecting 
was  actively  carried  on  and  many  mines  were  soon  in  operation.  The 
first '  legislation '  in  Iowa  dated  from  1830.  In  June  of  that  year  a  num- 
ber of  miners  met  on  the  banks  of  the  Mississippi  and  enacted  regula- 
tions to  govern  them  in  their  relations  to  each  other.  One  of  the  articles 
was  that  '  every  man  shall  hold  200  yards  square  of  ground  by  working 
said  ground  one  day  in  six.'  Much  interesting  history  clusters  around 
these  mines." 

Up  to  this  time  the  mines  on  the  western  side  of  the  Mississippi  had 
been  held  to  l)e  private  property,  and  prospectors  generally  had  been 
warned  off,  although  in  1830  certain  miners  from  Galena,  under  the  lead- 
ership of  J.  L.  Langworthy,  having  previously  obtained  consent  of  the 
Indians  and  also  of  the  heirs  of  Julien  Dubuque,  crossed  the  river  and 
began  work.  It  is  said  that  the  Langworthy  crevice  at  Dubuque,  still 
'  Iowa  Geological  Survey,  vol.  VI.,  1896,  p.  16. 
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ocriiMionally  workcti,  was  Innitod  at  this  tiinr.'  The  (Jovernmont  hold, 
however,  that  the  eountry  w:ls  not  yet  ojumi  to  K'ttteineiit.s.  In  is.Tj 
the  I  iiiteil  States  war  depart  iiieiit  iisMTted  the  (laini  «if  the  ( toNcriiiiieiit 
t<i  the  trart  ^rautc'd  l»y  Spain  t«»  l)ul>u«|ue,  refusing  t*)  rf<'oj;ni/4'  the  title 
of  hw  heirs,  and  Lieut.  Jefferson  DavLs  wtus  sent  with  a  detail  of  infantry 
to  I'jeet  all  settlers  u|)on  it.  There  was  much  di.spiit<'  as  to  the  riyht  «»f 
the  (loverninent  in  this  nuitter.  hut  it  having  takrn  ixix-i's.siitn  pn)((><Mli*d 
to  sell  the  lands.  Many  years  later  the  ejisc  came  up  in  the  Supreme 
Court  of  the  Tniteil  Slates,  and  the  a|)|)ellants  the  ln-irs  of  Au^uste 
Chouteau  and  John  Mullamphy,  of  .St.  I^ouis.  who  clainuMl  to  have  iMHi^ht 
a  certain  part  of  the  tract  in  ISOI.  fn>ni  l)ul>U(jue,  were  defeated.  In 
\S'.V.i  mining  <-ommen<ed  U|X)n  an  extensive  scale  in  Iowa,  the  S|)ani.sh 
and  the  Indian  titles  having  U^en  cleared  and  the  Indians  having  IxtMi 
put  out  of  the  way  by  the  defeat  of  Hlack  Hawk  :us  previously  ndated. 

The  .settlement  of  the  Indian  troubles  was  reflected  (piickly  in  the 
statistics  of  pn)duction.  In  \S'Mi  the  i)roduction  of  pig  lead  wjt'*  (iTlKi 
tons;  in  lS.'i4  it  wjts  .S(JJ2  toits;  in  IS.'}')  it  w:us  1)4S5  toas;  and  in  iSiiO  it 
n»se  to  12,7.')()  t<ins.  This  incn'a.-<e  of  nearly  100' ,'  in  the  |K'riod  (»f  f<iur 
years  wjis  fostere«l  by  a  rather  hi^h  price  for  pi>;  lead,  which  in  is.'i.j  wjt^ 
at  the  highest  |K)int  lietwoen  ISliti  and  1S.'>4.  By  this  time  the  regitm 
may  \tc  consitlered  to  have  l)ecome  fairly  well  settled.  According  to  the 
t<'rritorial  census  of  iS.'iti  there  w;is  in  Wi.scon.sin  j)ro|H'r  a  |><ipulati»tn  of 
<)  to  IS  to  the  sjjuare  mile,  which  was  the  den.sest  of  all  parts  of  the 
Territitry.  The  imixirtant  mining  t«»wns  —  Platteville,  Linden,  Ilard- 
>crabble  (Hazel  Creen).  Shake  Hag  (.Mineral  Point).  Snake  Hollow  (To- 
tosi),  Hlack  I/»g,  etc.  —  had  lieen  settled  jw  well  as  I)ubu({Ue  and  (Jalena, 
and  Inith  mining  and  smelting  had  graduated  to  a  systematic  b:isis.  The 
rn-at  question  of  the  time  w:ls  the  transjH»rtation  prol)lem. 

At  first  the  lead  of  the  Wisconsin  region  w:is  ship|¥M|  naturally  down 
the  river  to  .St.  I>ouis  and,  as  the  pntduction  incre:isod,  also  t<^  New  Orlcms, 
where  it  w:ls  transhij)|NMl  for  conv<'yance  to  the  Atlantic  Cojust  ami  for 
cx|>ort.  However,  im  early  as  IS'J'J  a  fl-ton  lot  of  lead  wixn  shipfied  directly 
•  1  fuard  to  Detroit,  Ix-ing  tra!vs|K»rted  by  wat^T  the  whole  distance  "with 
!  I  •  exception  of  the  sh»»rt  |>ortage  U'Iwjmmi  the  I'ox  and  ()uis<'on.sinri\«'rs."' 
•Mho  some  of  the  shot  made  at  the  tower  at  Helena,  establishe<l  in  IS,'H, 
wjus  ship|M^d  ejist  via  the  Wi.sconsin  Hiver  .and  (Ireen  li.ay,  the  towrr 
U'ing  owned  by  Daniel  Whitney,  a  njcnhant  of  (inMMi  H.iy  and  of  coun**' 
interestc*!  in  turning  tnule  in  that  tlirectijin,  while  moreover  the  markets 
of  tlie  lower  Mi.s.si.s>ippi  wm*  contmlled  l>y  manufa<tumrs  in  Missouri 
where  the  shot-making  indu.>try  had  i^'en  conducted  thrivingly  since  IS(H». 

'  II.  Kfx^T  1\r\m.  Zinc  nml  Ixnul  in  the  rp|ior  MixAutftippi  V;ill«'y.  I*.  S.  GeoloKinU 
^un-py.  I'.  1.  p    .1. 

'.V«/i  '.   I'hilndrlphirt.  (Vt     I'.l.    IS.»2 
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With  pig  lead  the  case  was  quite  different,  St.  Louis  being  the  leading 
market  for  that  metal,  and  consequently  the  bulk  of  the  output  was  sent 
thither,  at  first  in  flat-boats,  later  in  keel-boats,  and  finally  in  steamboats. 
As  early  as  1823  the  steamboat  "Virginia"  made  a  trip  to  Galena. 

In  the  development  of  the  American  lead-mining  industry  it  was 
remarkable  and  fortunate  that  the  two  districts  which  furnished  nearly 
the  whole  of  the  domestic  supply  up  to  1871  were  situated  close  to  the 
great  natural  artery  affording  water  transportation.  The  mines  of  Mis- 
souri were  only  a  short  distance  west  of  the  river,  while  some  of  the  mines 
of  Wisconsin,  which  were  far  more  important  than  those  of  Missouri 
(until  the  disseminated  ore  of  Bonne  Terre  began  to  be  worked  on  an 
extensive  scale),  were  situated  almost  on  the  banks  of  the  river,  as  at 
Dubuque  and  Galena.  Bearing  in  mind  the  long  years  of  waiting  for 
a  railway  that  many  districts  w^est  of  the  Rocky  Mountains  suffered,  it 
may  be  appreciated  how  much  the  Wisconsin  district  was  favored  by 
the  ability  of  a  steamboat  to  go  to  its  headquarters  almost  at  the  opening 
of  the  district.  Although  after  a  while  its  miners  became  dissatisfied 
with  the  natural  water-way,  for  many  years  it  was  the  dominating  influ- 
ence in  the  development  of  the  district.  The  great  river  steamboats 
carried  the  lead  to  St.  Louis  and  New  Orleans  and  brought  back  the 
supplies  of  every-day  necessity.  The  closeness  of  the  business  relations 
between  the  mining  district  and  the  South  gave  the  former  a  southern 
character  to  a  considerable  extent.  Its  newspapers  were  southern  in 
tone.  Its  social  and  intellectual  ties  were  with  the  South.  So  deep 
was  this  influence  that  slavery  took  root  for  a  while  in  this  part  of  Wis- 
consin, introduced  naturally  by  the  circumstances.  But  together  with 
this  southern  tone  there  was  a  display  of  the  exuberance  of  spirit  which 
has  characterized  many  American  mining  regions,  especially  west  of 
the  Rocky  Mountains  in  later  years.  S.  M.  Palmer,  who  wrote  an  account 
of  a  visit  to  the  region  in  1836,  described  the  camp  of  Shake  Rag  (now 
Mineral  Point)  as  a  "  few  scattered  log  huts  or  shanties  principally  ranged 
along  a  deep  gorge  or  ravine  .  .  .  through  which  the  road  wound  its  sin- 
uous way."  There  was  a  "hotel"  kept  by  Col.  Abner  Nichols,  familiarly 
addressed  as  "Uncle  Ab."  A  short  distance  from  the  main  building 
was  the  "grocery."  "Here  was  to  be  found,  at  all  hours,  music,  dancing, 
singing,  drinking,  and  gambling  of  every  description.  .  .  .  Nor  were  these 
scenes  confined  to  the  grocery  of  'Uncle  Ab.',  for  they  were  openly  and 
notoriously  enacted  in  every  other  similar  establishment  in  the  town! 
Yet,  with  all  this  appearance  of  licentiousness,  it  was  principally  confined 
to  a  certain  class  of  lawless  adventurers."  *  Truly  this  description  would 
have  applied  to  many  mining  camps  in  California  20  years  later,  in  Nevada 
30  years  later,  and  in  Colorado  40  years  later. 

>  Collections  State  Historical  Society  of  Wisconsin,  VI,  301. 
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A.s  tin*  iii>triit  ^rr\\ ,  (iu^Aatiitfurt  loll   with  tho  runiiitmn^  ot    m-i  ' 
ri    the    .Mis>i.ssi|t|)i    U'^an    to   Im>    felt    more   ami   tiion*.    altliou^li    1 
MU-rt  M.    I-«':i,  V.  8.  A.,  Iia<l  cxprcvsstMl  the  opinion  in   \S'M\  that  "tho 
MUsjssippi  is  aii<l  must  continue  to  \h'  the  main  avonup  (»f  trade  for  this 
ountry."'     The  rapi«ls  at   various   phices.   l)Ut  es|KMi:illy   at   the   mouth 
f  the  I)es  Moines  aiul  at  the  heail  of  Hock  Ishiml.  alMiut  70  niilcM  apart, 
causotl  ^n»at  tntuMe.     Steamlxtats  as««'H<hnK  or  (U'seenfUnc  with  fn-ijiht 
at  perioils  of  l»t\v  water  were  comiM-lleil   Ut  (hsehar^e  their  rar)j<K's  ini4) 
ihit-lxiats,  whieh  in  tleseendiuK  lloateil  down  with  the  current,  hut  in  as- 
"•ndinn  had  t<»  l>e  toweil  up  l»y  horses  or  oxen  a  distance  (»f  12  mil' 
ich  rapid.      It  w;us  estimat<Ml  that  this  incre:t><ed  fni^ht  charues   1  . 
\t  tinies  the  lead  trade  luid  to  Ik*  completely  sus|)ende«l.     A  corres|>ond- 
nt  of  the  St.   I>>uis  Ht piihliran  wrote  in    its  i.ssue  <»f  Oct.  7,   is^il),  that 
in;e  quantities  of  lead  ha<l  accumulatt'cl  at   (lalena,  U|M)n  which  many 
icalers  ha<l  made  larjje  advances,  awaiting  a  ri.sc  in  the  river.     To  add 
to  the  difliculties,  the  cost  of  the  supplies  for  the  mining  coimtry  w:ts 
juateriaiiy   increa.'^ed   hy   the   hi^h    fn*inht    rates,   antl  even   the  shipju-rs 
who  C(»uld  afford  to  pay  the  latter  could  secure  the  transjxirtation  only 
■  f  limited  (juantities  over  the  rapids.     This  situation  w:us  so  had  that  a 
Movement   w:i.s  early  started  t«>  induce  the  (lovernment  to  impn»ve  the 
hannel  of  the  river,  but  lx»fore  much  headway  Wius  made  with  that  .scheme 
n-lief  came  in  a  natural  way. 

A.s  early  :is  \s'M)  shipment.s  of  lead  had  l>een  made  by  wa^on  t<»  Mil- 
waukee and  thence  by  lake  to  eiustern  point.s.     In  the  next  few  years  it 
w.is  a  common  thin«  to  s*^*  ox-teams  ladeti  with  lea«l  ajux-ar  at  the  Mil- 
waukee  wharve.s   after  a   journey  of  ei^ht    to   ten   days.     At    alwiut   the 
mie  tinie  strenuous  efTort.s  were  made  to  develop  the  Fox-\Vi.«coif<in, 
•  r  'In.  II   Hay  n»ute.  i.e.,  up  the  Wisconsin  Hiver  to  the  i>ortai;e  at  Kort 
\\  liiiii  I  a;:o.  and  tlM-tue  down  the  I'ox  Hiver  to  (!n'<'n  Hay.      It  w:us  esti- 
iiatetl  that  lead  couUI  lie  transp<irted  by  this  route  f«»r  $'.!  per  t«»n  from 
the  \Vi.scnnsin  Hiver  to  (Inn'n   Hay.  and  for  %*.)  additional  to  New  V»irk 
via  the  lakes  and  the   iirie  Canal,  while  the  c«tst   via   New  (>Heaiu<  w:ls 
$»'tt)  |ier  ton.  to  .say  nothing!  of  the  longer  time  required.     Thi.s  wjus  in 
\s:V.).     It  is  d(»ubtful  if  the  estimates  of  the  pnunctterx  of  this  (Ireen  Hay 
hue  were  ever  realized.     The  shipment  of  lead  by  that  mute  w:us  thor- 
ughly  trie<i.  but  it  proved  t<M>  long.  t<K)  roundalN>ut.  and  involve<l  t4M) 
■     ir  of  the  fn'inht  to  make  it  mon'  than  a  pit>ne«r  n»ute.  an<l 
tied  in  favor  of  the  shorter,  nion*  diri'ct.  «)verlan*l  n»ute  to 
•lilwauke*'.     The  movement  <iver  the  latter  wa«  given  a  great  imfiettLs 
.  riotis  difhcultics  <.f  u  '     n  in  the  MLssi»ippi  in   \s:V.}  \s\(). 

•  :i  mads  wen*  cim-iileri  roved,  and  this  change  tif  c<»mmer- 

lal  niutO!<  fn»m  the  natural  water-ways  to  traasfMirtation  over  artificial 
•  S>>lm  on  \Vi«\jiiMn  Trrritury  (IMiiLvlHnhui.  iK'Hii.  p    l«» 
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roads  over  the  prairies,  corduroyed  through  swampy  places,  was  full  of 
significance.  With  it  is  bound  up  the  later  development  of  the  railway 
system. 

In  1841  the  cost  of  conveying  lead  from  the  mines  to  Milwaukee  was 
$18.50  to  $20  per  ton;  from  Milwaukee  to  New  York,  $10  per  ton.  The 
time  from  the  furnaces  to  New  York  was  as  short  as  20  days.  By  the  New 
Orleans  route  the  cost  was  at  times  as  high  as  $40  per  ton,  and  the 
time  was  90  days  or  more.  Besides  receiving  better  and  quicker  returns 
at  Milwaukee  the  producers  were  able  to  procure  their  supplies  there 
more  cheaply,  generally,  than  at  Galena  or  other  points  on  the  river. 
By  the  divereion  of  this  trade  to  the  east  the  "lead  schooners,"  drawn  by 
six,  eight,  or  more  yoke  of  oxen,  secured  a  return  freight.  Thus  the  move- 
ment was  promoted  by  many  who  were  interested  in  increasing  the  trade 
in  this  direction.  In  1842,  when  the  price  of  lead  was  extremely  low, 
commanding  only  3  c.  per  lb.  at  New  York  and  sometimes  was  as  low 
as  2.5  c,  and  was  a  drug  in  the  market,  it  was  seized  as  a  favorable  time 
to  try  whether  a  fair  profit  could  not  be  made  by  corroding  the  lead  in 
the  State  of  New  York,  instead  of  shipping  the  pig  to  England.  These 
enterprises  were  well  repaid  and  white  lead  works  were  erected  at  various 
places,  including  Saugerties  and  Buffalo,  which  put  the  smelters  shipping 
via  Milwaukee  in  closer  touch  with  their  customers.  It  was  called  to 
the  attention  of  the  State  of  New  York  that  business  would  be  furthered 
if  the  tolls  on  the  Erie  canal  were  reduced,  which  was  promptly  done. 
In  1842  lead  was  carried  from  the  mines  to  the  lake  for  $10  per  ton,  and 
from  there  to  New  York  for  $9.  At  this  rate  the  teamsters  found  it  a 
profitable  business,  inasmuch  as  they  had  loads  both  ways,  carried  their 
own  provisions  and  the  prairies  afforded  all  that  their  oxen  required. 
In  1843  contracts  were  made  for  the  carrying  of  lead  from  Milwaukee 
to  Boston  for  $7  per  ton.  By  1842  a  continuous  line  of  steam  communi- 
cation had  been  completed  from  Maine  to  Wisconsin,  stopping  short  of 
the  Mississippi  only  about  160  miles,  and  the  construction  of  a  railway 
from  Milwaukee  to  Galena  was  being  urged.  In  the  Norlhwestern  Ga- 
zette of  Jan.  23,  1846,  there  was  a  statement  of  the  comparative  advan- 
tages of  the  Mississippi  route  and  the  lake  route  after  a  railroad  should 
be  constructed.  Among  other  things  it  was  shown  that  the  distance  by 
the  two  routes  was  4000  and  1700  miles  respectively;  and  by  the  river 
route  the  freight  rate  on  lead  was  $14  per  ton  and  by  the  lake  route  it 
could  be  S12.20. 

In  spite  of  the  increasing  competition  of  the  overland  and  lake  route, 
after  1840,  the  Mississippi  steamboats  did  not  yield  their  supremacy 
without  a  struggle.  We  have  seen  how  in  1840  the  cost  of  shipment  by 
the  two  routes  was  not  far  apart,  and  it  is  to  be  inferred  that  some  of  the 
comparisons  unfavorable  to  the  river  route  which  have  been  mentioned 
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I>nvit»u.s|y  wrn*  1):is<m|  (in  r«»ntliti<mM  wlu'ii  river  tniii^{>ortutiiin  wuw  at 
(lie  Worst.  Altliou^li  the  stoaiiilxtats  ucn-  aMi*  to  enter  the  interior  of  the 
lend  ri'^ion  l>y  some  of  the  branch  rivers,  hke  thoM?  which  tiM-enile«l 
the  WLsroitsin  to  I'ort  Winnelia^o  as  »*arly  :ls  I.S,*{7,  anil  l«Mik  leail  from 
then*  to  St.  liiMiis  f«ir  $10  \n-r  ton.  then*  were  from  the  «»iitset  sonM*  inhwitl 
[tuintji  of  pnuluction  whence  the  lea«l  eouhl  iw  hauled  to  Milwaukee  f(»r 
only  a  little  nuin>  e.\i)eiL>ie  than  t4>  (iaiena.  Hut  the  lead  ori^inatinK 
near  (iaiena  t«Mik  its  natural  rours<'  down  the  river  f<»r  a  lonn  time.  Thw 
is  manifest  fnim  the  fact  that  the  receipts  of  lea«l  at  .St.  l>>uis  and  New- 
Orleans  were  at  tfic  maximum  in  1S4(>  17,  and  n'pres«>nted  the  hulk  of 
the  production  of  the  Wi.M-onsin  n'^ion,  l)Ut  the  nn'at  conunercial  change 
which  the  devel«»pments  of  the  previous  10  years  hail  Ufn  leading  up  to 
w.xs  then  im{)endin^.  In  the  Wisconsin  Jliraldoi  .May  7.  1S17.  it  was  n*- 
marke«l  that  "S)  nearly  halanjcd  is  the  cost  of  trans|»ortation  now,  hy  the 
lake  anil  river  routes,  that  if  the  lake  nmte  had  the  atlvantagc  of  even  *>0 
miles  of  railn)a«l,  which  a  comparatively  small  expenditure  <»f  money  will 
nive  it,  we  shouM  .«<ec  all  the  lead,  even  innu  the  wharves  of  (I:dena 
and  Dubuque,  moving  olT  on  wheels  to  New    York  and  lioston." 

This  forrciust  wiu**  .soon  n'alized.  I'n»m  1S47  forwanl  there  w;i>  ;i 
steady  decline  in  the  n-ccijits  of  lead  at  St.  I>>uis  an«l  .\'ew  Orleans.  .\t 
the  latter  jiort  the  receipts  sank  to  2')(i.0<K)  pigs  in  l.S,')2,  to  74.(XX)  in  1S.')4. 
and  to  iN.OtK)  in  ls.">7  and  thereafter  were  never  more  than  one-tenth 
the  amount  in  IS47.  .so  that  in  10  years  the  lead  trade  liecame  practically 
extinct  in  that  city.  .\t  St.  I»uLs  the  loss  wjis  not  pro|K>rti«»nately  .so 
large,  btit  it  was  none  the  le.ss  decidcil.  In  1N.'>.'>  the  shii)n)ents  were 
h'>s  than  half  <»f  tho.se  in  1.S47.'  This  |>eriod  —  1S4G  47  —  marks  the 
lieginning  of  the  predominance  of  the  overland  route  and  the  industrial 
changes  which  culminated  a  few  years  later  with  the  lieginnings  of  ("hica- 
g«»'s  railway  system.  I'p  to  I.S4I  there  wxs  no  railroad  in  Illinois,  lowa, 
MLss<»uri.  Minnesota.  <»r  Wi.sconsin.  In  1S4 1  .'>(),  alxmt  i>7  miles  were 
coujpleted,  but  by  the  clo.se  of  IS.V>  there  were  niorn  than  27(M)  miles. 
:ind  4ti<H)  miles  by  the  chi.se  of  iSJiO.  By  1S.V2  it  w:is  .said:  'All  leail 
fr^>m  the  upjier  .MLssLssippi  now  goes  ejist  by  the  way  <if  Milwatikcc."  Si 
Tr.  iiuous  did  the  <*om|ietition  of  the  eiistern  trade  centers  l»econ>o  that 
•<  .iiilniats  u.sed  then  to  «lescend  from  the  up|w'r  .Mivis-sippi,  turn  up 
the  Illinoij)  Kiver,  and  discharge  their  carg«»es  at  I'eni  for  shipmenl  to 
Chicago  an«l  New  ^'ork.  to  the  chagrin  of  the  nu-nhants  of  St.  I>iiuis  ami 
the  older  jmrts   further  down  the  .Mi.s.sb^-jppi. 

Hy  IH40  tlie  production  of  lead  in  the  distrirt  had  ii«cn  to  I3.4'J.'i 
tons.  .Vcconling  to  the  ledenl  census  f«»r  that  year  the  production  of 
the  Territory  of  \Vi.sconsin  pnijuT  was  7.V».'>  tons,  nn»st  of  which  went  to 

•  llunl'ii  MrrrhanW  Magnxint.  xvi,  9A,  07;  id.,  xxvl,  325;  m/..  xx\x.  £72;  id..  xxx\, 
47r*;  %d  ,  xxx\.  47C:  \d  .  xxxvii.  604;  id.,  xxxiv.361;  id.,  xxvii.  431  4X2;  mT.,  xxviii,  4'J6. 
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Galena.  There  were  49  smelting  houses,  employing  a  capital  of  $664,600. 
One  out  of  every  38  of  the  population  of  the  Territory  was  engaged  in 
mining.  The  next  10  j'ears  saw  the  lead-mining  industry  of  Wisconsin 
at  its  zenith.  In  spite  of  a  rather  low  range  of  prices  for  the  metal  in  the 
early  years  of  the  decade  the  production  rose  to  the  maximum  figures, 
and  a  large  exportation  of  lead  to  foreign  countries  developed.  It  was  a 
cheap  production  and  when  the  price  of  lead  was  normal  there  was  evi- 
dently a  handsome  profit  in  the  industry.  This  is  manifest  from  the  fact 
that  average  prices  of  3.81  c,  3.58  c,  and  3.90  c,  at  New  York,  in  1842, 
1843,  and  1845  respectively,  did  not  check  prochiction.  The  mining  and 
smelting  methods  were  crude,  but  the  ores  at  that  time  were  easily  mined, 
were  rich  and  were  easily  smelted.  The  wages  for  la])or  were  almost 
ridiculously  low.  At  the  Helena  shot  tower  in  1843,  the  men  received 
SIO  to  S13  per  month;  the  superintendent  got  $16.  At  the  smelting 
works  the  rates  w^ere  about  the  same.*  In  spite  of  all  complaints,  the 
cost  of  delivering  the  lead  to  New  Orleans  and  New  York  was  not  exces- 
sive, being  far  less  than  what  was  paid  by  the  miners  west  of  the  Rocky 
Mountains  when,  in  1871,  they  began  to  figure  prominently  in  the  markets. 
Supplies  were  costly,  it  is  true,  but  except  for  the  subsistence  of  the  popu- 
lation the  mining  and  smelting  methods  of  the  day  required  comparatively 
little  of  them.  The  Government  exacted  one-tenth  of  the  output  as  its 
royalty,  which  was  a  burden  upon  those  who  paid  it,  but  all  did  not  pay 
it,  and  in  1846  the  requirement  was  abolished  by  act  of  Congress.  Un- 
derstanding these  conditions  we  can  appreciate  how  Wisconsin  lead  was 
able  to  compete  in  the  markets  of  the  world  with  the  development  for 
a  decade  of  a  large  export  trade  which  the  United  States  has  experienced 
in  pig  lead  at  no  other  time,  either  previously  or  subsequently. 

Lead  mining  in  Wisconsin  received  a  brief  setback  in  1846  when  by 
the  McKay  bill  the  tariff  on  pig  lead,  which  previously  had  been  3  c.  per 
lb.,  was  reduced  to  20%  ad  valorem.  This  depressed  the  market  tem- 
porarily by  allowing  British  manufactures  of  lead  to  enter  into  compe- 
tition with  the  American,  and  was  felt  very  keenly  in  the  lead  regioas. 
The  Weekly  Northwestern  Gazette,  published  at  Galena,  said  on  Aug.  14, 
1846,  "But  30  days  ago  lead  was  worth  in  the  City  of  New  York  $4.25 
per  100  lb.  It  is  now  neglected  at  $3.50.  Here  it  was  worth  $3.05  to 
$3.10;  now  it  is  worth  $2.50.  Mineral  was  worth  $18  to  $20;  now  it 
is  worth  $14  to  $15  per  1000  lb.  On  Aug.  21,  1846,  the  same  journal 
said,  "  Within  the  last  30  days  no  fewer  than  16  furnaces  on  this  side  of 
the  Mississippi  and  two  on  the  other,  in  all  18  furnaces,  nmning  20  hearths, 
have  cea.sed  operations;  and  this  is  not  all,  several  of  the  smelters  speak 
of  stopping.  To  all  appearances,  there  will  be  a  greatly  diminished 
product  of  lead  this  fall  in  comparison  with  that  of  last  fall."     These 

'  Collections  of  the  State  Historical  Society  of  Wisconsin,  XIII,  pp.  3o7,    3G0. 


|n*»iiiii-ii<'  n'lnarks  n-iul  like  {Uv  aiw^V"  n|w-;iir<|  |>iaiiit>  :iri<l  pni^iioKU- 
ratit»n>  of  tli.HjLstiT  thai  follow  the  ri'inoval  of  "  |)n(t<Mtion"  fn»rii  any 
imlustry.  no  mnttcr  how  pnw|>cn)Uf<.  tind  wirv  n«»l  iHiriie  out  by  the  nta- 
tUtics.  Thr  new  tarifT  went  into  rfTi'ct  alwnjl  tlw  iiu«lc|U«  «»f  the  yoar, 
l)Ut  thr  a\rram'  pricr  at  Ni'W  ^  ork  for  the  wholf  yrar  wils  4.T.'J  f.  jilt 
ll>..  whilf  for  the  four  years  following  it  wan  \.'M  v.,  4.20  v.,  4.7S  c.,  and 
4.S()  V.  n'.H|n'«tiv«'ly.  In  the  St.  I>iui.s  market  the  prin-  rose,  the  avenige 
U'inj;  :i.rj.*>  ill  lS4r»;  :{.71  in  IS47;  .iXyS  in  1S4S;  JOT  in  1S4«».  an<l  4.W) 
in  ISTjO.  Certainly  there  was  nothing  in  the  market  coinlitionH,  except 
|ierha|is  tem|»orarily.  to  rhe<k  leail  ppHliiction  in  .Mixsonri  an«l  \Vi,'iroiL'«in. 
'I'lii.**  is  iMtriie  out  l»y  the  fart  that  the  pnnlmtioii  whirh  w:m  'Jl)..'{.'{4  ton> 
in  ls4<i  ro.se  to  '27M\'2  tons  in  IMT.  the  first  full  year  uiuler  the  new  tariff. 
In  IS1.'»  it  hail  Ut'ii  27 .247  toii-s.  It  is  true  that  in  IHIS  we  find  a  nTe.s.>ion 
to  2.'{,sr»'.)  t«»ns  an<l  after  that  a  steady  (h-cline  ri^ht  tlown  to  n*«'ent  years, 
bill  to  aermint  for  this  we  must  .se<'k  other  causes. 

The  eauM's  for  the  wane  in  lead  miniiifr  in  WiscoiiMii  wim  li  Ih^:iii  at 
this  time  were  primarily  the  exhaustion  of  the  e:tsily  worked  [xirtions  of 
the  veins  near  the  surface;  the  incre;used  expense  of  working  them  at 
Rrt-ater  depth,  and  indeed  the  im|)o.ssil)ility  of  doiim  so  at  all  after  the 
water  level  w:is  reachcnl  with  the  methods  of  mining  that  were  then  in 
vopue  (and,  intieod,  continued  in  vopue  for  upwanl  of  'A)  years  later,  im 
peneral  attempt  to  introduce  hoisting  engines  and  pumps  In-ing  maile); 
and  finally  the  emigration  of  a  lar^e  part  of  the  mining  (topulation  to 
the  gold  fields  of  California,  inlluenced  Ixtth  by  the  ureal  attractions  of 
the  latter  and  the  fa<t  that  IcatI  mining:  in  Wiscoasin  hati  ccjimmI  to  U* 
.so  lucrative  :ts  <uice  it  had  l>e<Mi. 

In  the  halcyon  days  <if  the  Wisconsin  lca«l  rejiion  there  came  mto  it 
many  Cornish  miners,  unlettered,  shn'W«l,  industrious,  and  alnive  all 
thinps  skilful  in  extracting  ore.  They  would  ^o  to  mines  ihal  ha«l  lieen 
abandoned  by  the  le.ss  skilful  and  more  cari'le.sa  American  miners  and 
wouM  make  them  pay.  They  were  not  piven  to  pn»s|>e(  tinu.  lacking 
the  imagination  and  gambling  instinct  that  h:us  made  .\iiuTi<'an  miner>t 
preeminent  in  that  work,  bttt  with  ore  found  they  would  take  it  out  so 
cleanly  that  it  w:is  of  little  u.s<>  for  any  oneel.se  to  try  to  get  any  more  out 
<»f  that  |)lace.  \N  hen  the  res«»un'es  of  the  lead  ivgion  s«'<mih'«|  to  l»e  failing 
and  a  more  albiring  field  prrsonted  it.self,  the.so  miners  left  it  {is  they  had 
Come  to  it  —  in  thnuigs.  "  N«»  part  of  our  State."  says  a  li>cal  historian, 
"ever  lost  so  large  a  pn»|)ortion  of  its  pe<»ple  :is  did  the  lead  n*gion  at 
that  time."  Kven  then  many  parts  (»f  the  regi«)n  were  lionoycomlieil 
with  abandoned  holes,  and  the  \>'.  up  minend  at  old  mincts 

was  alrc.idy  turniMl  over  to  tin  idrrn.     The  rt*storation 

of  tlie  high  tarifT  on  leail  in  the  time  of  the  Civil  War  failed  utterly  to 
stimulate  lead  mining  in  WiscoiLsin.  Iiecatise  then<  w:uh  nothing  much  to 
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stimulate.  Many  of  the  mines  were  mere  shells  down  to  the  water  level. 
Most  of  the  miners  had  gone  away.  The  few  who  remained  were  ignorant 
and  without  resources,  content  to  eke  out  an  existence  b}'  feeble  anci 
desultory  operations  which  served  to  maintain  a  small  output  for  the 
district.  Even  the  development  about  1860  of  a  market  for  the  zinc  ore, 
found  in  association  with  the  lead,  failed  to  stimulate  activity  although 
it  aided  in  keeping  the  district  alive.  The  history  of  lead  mining  in 
Wisconsin  from  1851  to  1901  may  be  passed  over  briefl}^  by  tiic  charac- 
terization of  a  rapid  decline  and  then  a  long  stagnation. 

As  late  as  1901  there  had  been  little  or  no  imi:)rovement  in  the  methods 
of  mining  over  those  of  50  to  60  years  earlier.  Nine-tenths  of  the  mines 
were  still  worked  by  horse  and  man  power.  The  bulk  of  the  ore  then 
produced,  both  lead  and  zinc  ore,  was  cleaned  by  hand  sorting.  Cer- 
tain companies  had  undertaken  about  1891-1895  to  operate  on  a  more 
modern  scale,  but  their  inability  to  separate  the  associated  blende  and 
marcasite  had  put  an  end  to  their  enterprises.  The  local  mines  had  been 
assisted  by  a  natural  lowering  of  the  water  level  in  the  mines  by  10  to 
15  ft.  during  the  30  or  40  years  previous  to  1901,  exposing  much  more 
of  the  veins  to  attack  by  the  old  methods  and  thus  helping  materially 
to  keep  the  district  alive.  The  recent  rejuvenation  of  the  district  which 
began  in  1901  or  1902  pertains  much  more  to  the  history  of  zinc  than  to 
that  of  lead.  Indeed,  since  about  1881  Wisconsin  has  been  more  impor- 
tant as  a  zinc  region  than  as  a  lead  region,  and  while  at  the  present  time 
it  is  considered  to  have  a  bright  future  as  a  source  of  zinc  ore,  the  geolo- 
gists tell  us  that  there  is  little  or  no  hope  that  its  production  of  lead  ore 
will  ever  again  be  important. 

The  Wisconsin  lead  region  presents  highly  interesting  geological  condi- 
tions, which  were  early  investigated  b}'  scientists  and  formed  tiie  subject 
of  radical  differences  of  opinion  and  earnest  discussion.  A  brief  record 
of  this  work  is  given  in  "  Zinc  and  Lead  Deposits  of  the  Upper  Mississippi 
Valley,"^  by  H.  Foster  Bain,  from  which  the  following  is  quoted: 

"  A  survey  was  ordered  in  1839  and  placed  in  charge  of  that  pioneer  geol- 
ogist, D.  D.  Owen.  This  survey  was  in  many  particulars  unique;  Owen 
began  field  work  in  September  and,  Avith  the  aid  of  a  large  number  of  assist- 
ants, finished  it  before  winter.  A  report,  accompanied  by  maps,  sections, 
figures,  descriptions,  and  fossils,  was  submitted  to  the  Land  Office  oh  April 
2  following.  This  report  was  printed  without  illustrations  -  in  June  of  the 
same  year,  and  a  revised  edition,  including  the  omitted  plates,  was  printed 
in  1844.3  In  this  survey  a  large  area,  including  the  whole  of  the  mining 
section,  was  traversed  towaship  by  township,  and  the  character  of  the  rocks 

'  U.  S.  Geological  Survey,  Bulletin  No.  294. 

2  House  Ex.  Doc.  No.  2.39,  26th  Cong.,  1st  se.ss.,  161  pp.,  Washington,  1840. 

'  Rept.  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois  in  1839,  Washington,  1844. 


w:i.s  not*M|.  Ill  ISI7  Owen  cxeculeil  f«»r  tho  Tn-JiMiry  iK-partinent  another 
Kurvoy  of  till*  ("lii|»nt'\v:i  land  distrirt,  ami  in  hi."*  n"|»»irt  <»n  thai  rfgion  * 
pivi'jH  certain  additional  details  regarding  the  lead  and  zinc  n'Ki«»n. 

*'  In  the  roupio  of  a  still  later  survey  he  visited  the  region  af^ain,  and 
in  his  well-known  ijiiart<»  n*ix»rt  he  briefly  di^cii.-M's  t'  i«-al  fonna- 

tioif<  preM'iit.-  Owen  w:us  accordingly  the  fin't  ^C"  .  _.  :  imtc  wh«i 
stutlied  the  n>ei<>n  in  detail,  and  hi^  concliLsioax,  hiLsod  ns  they  were  U|w>n 
a  loiiK  and  intimite  ac«|uaintan<'e  with  it.  arc  worthy  of  the  ntnn»st  re^iiert. 
It  IS  curious  to  note,  however,  that  he  entia-ly  overl(K)kcd  the  Matjiioketa 
shale  and  confu-^cd  the  (lalena  and  Niagara;  and  it  ran  l)C  readily  lielieved 
that  in  thb*.  :us  well  its  in  liLs  o|)ini«uis  n^|n'<tiiin  the  de<>|HM>ated  (»riKin 
»if  the  on'  de|»osits,  he  was  misled  l>v  the  idcius  then  currently  accepted. 

'In  IS,>|  J.  I).  Whitney  jnihli-shed  his  Metallic  Wealth  «»f  the  I'nited 
States.  liaviii^  made  certain  investigations  in  the  rctrion  in  the  course 
of  |)rivate  profes.«.ional  work,  he  pave  a  very  accurate  though  brief  account 
of  the  mines.  Ills  ideiis  were  later  elalxiratod  in  the  course  of  his  work 
for  the  thnn*  .*>tates.  Iowa.  Wi.scon.sin.  ami  Illinois,  fttr  which  he  .succes- 
sively stu«lied  the  field.  In  his  n^jiort-s  he  covered  the  whole  gnnind 
excellently,  and  it  Is  no  disparagement  to  others  to  .say  that  toj;ether 
they  form  the  most  comi>lete  ac<"ount  of  the  field  yet  puMished.*  I'n»- 
fess<»r  Whitney  visited  the  n.j;ion  in  the  years  of  the  maximum  im|)ortance 
of  the  leatl  mines,  and  his  oliservations  are  acconlinjily  parti<Milarly  vahi- 
ahle.  It  w;ls.  however,  after  his  work  wjis  finished  that  zinc  l)ecame  of 
value  in  the  rt-jrion.  Industrial  conditions  have  also  larpely  <hanKed, 
8o  that  there  Is  now  much  of  interest  to  l)e  added  to  his  report. 

"Aside  fn»m  Whitney  and  Owen,  the  U'st  kn«»wn  <»f  the  earlier  investi- 
pators  in  this  region  w;ls  J.  (I.  Tenival.  who  made  a  study  of  the  lead 
region  for  the  State  of  Wlsc«in.sin  in  1S.>|  and  IS,'),').  Accuracy  of  oltser- 
vation  Is  everywhere  chanicteristic  of  IVn-ival's  W(»rk.  Imt  his  conclii- 
sioas  a.s  Xu  the  origin  <»f  the  ores  and  the  l>est  metluMLs  of  working  theni 
Hceni  t<t  have  l»e<Mi  unfortunate.*  Like  Owen,  he  foIlowe<l  the  current 
llieory  of  tlu'  period. 

"The  later  Wlscoasin  survey  renewed  the  study  of  the  n^gion.  and  in 
the  elalM)rate  papers  «»f  .Moses  J^tronp*  and  T.  (*.  C'hamU'rlin  "  we  ha>-c 
the  m«»st  detaileil  study  <»f  the  region  e\t;int.  with,  in  the  Latter  ' 
notable  addition  t<i  the  dlsciLssion  of  the  tlM^»mtic  coitsidenitions  inv< 

'  Srn«l«»  Kx.  Dne.  No.  57,  30lh  Cong  .  Ist  m^  ,  IM  pp  .  WaAhinjrtnn.  IS4s 

=  Hrpl.  (h>»I    Sunry.  Wi^xmMin,  lown.  nivl  Mirii»«>^»t.'i.  iklS  pp  ,  I*hil.t>if*lphwi.  IH.S2 

•  •;«,!.  .s;iir\ry  lowm  (Hall).  vi>l  I,  .VH«ny.  I»<.*»s,  pp  jsrt  .".C.  4 A'  -171.  <;««..|i<y 
nf  \Vi«^.nmn  «li.ill),  vol.  I,  IM62.  pp.  73  424.  (W<ol4iey  of  lllinnw,  ^-ol.  I.  Spnnirfirlii. 
isTi*;.  pp    i.vt  JM7. 

•  IVrru  .-(I.  J.  (J.,  Ann.  Ilrpt.  Gc<ol.  Stin'ry.  Wunmain.  lOI  pp  .  l8iS.  (Sccuoill  .\nn 
llrpt    «;.  .11.   Ill    pp.    I.Sofi 

•  (.-  1.  II.  1.S77.PP  04.»-7i2.      •  Ibid, nA.iy,  lSS2.pp  365  571. 


VIII 

ARIZONA  AND   NICW  MEXICO 

Arizona.  —  Arizona  has  never  been  an  important  lead-producing 
State,  but  comparatively  small  quantities  of  the  metal,  partly  derived 
from  ores  smelted  locally  and  partly  from  ores  shipped  to  other  States, 
especially  California,  have  appeared  in  the  market  almost  from  the  time 
of  the  first  American  occupation.  Previous  to  that  time  lead  ores  were 
worked  by  the  Spaniards  and  Mexicans,  and  some  of  the  most  promising 
of  the  lead  mines  of  the  Territory  at  the  present  time  are  of  such  ancient 
discovery.  It  is  a  well-authenticated  fact  that  until  the  rising  of  the 
Apaches  many  of  the  silver-lead  mines  of  southern  Arizona  were  worked 
with  remunerative  results. 

Next  to  the  mining  district  south  of  Santa  Fe,  New  Mexico,  the  portion 
of  southern  Arizona  embraced  in  what  are  now  Pima  and  Cochise  Coun- 
ties, originally  all  Pima  County,  adjoining  the  Mexican  State  of  Sonora, 
is  believed  to  be  the  earliest  scene  of  mining  in  what  is  now  the  United 
States.  It  is  generally  believed  that  the  Jesuits  commenced  mining  in 
Pima  County  about  1650,  and  as  early  as  1700  many  valuable  mines  had 
been  opened  in  what  are  now  known  as  the  Oro  Blanco,  Patagonia,  Santa 
Rita,  and  Arivaca  districts,  in  all  of  which  old  shafts,  adits,  and  other 
evidences  indicate  ancient  and  extensive  workings.  This  is  supposed 
to  be  the  region  from  which  came  the  Planchas  de  Plata,  which  contained 
about  five  tons  of  prime  silver,  mention  of  which  is  made  in  Mexican 
chronicles.  These  districts  were  worked  until  1828,  when  the  missions 
were  finally  abandoned  because  of  raids  by  hostile  Apaches,  and  but 
little  mining  was  done  subsequently  until  the  Territory  came  into  the 
possession  of  the  United  States.^ 

The  southern  part  of  Arizona,  known  as  the  Gadsden  purchase,  was 
the  earliest  part  of  the  present  Territory  to  be  occupied  by  Americans, 
and  up  to  1870,  or  later,  it  continued  to  be  the  best  known.  Until  the 
beginning  of  the  Civil  War  it  was  a  part  of  the  favorite  overland  route 
to  the  Pacific  Coast,  the  staging  over  it  being  the  easiest.  The  Indian 
disturbances,  lack  of  transportation  facilities,  high  costs  of  material  and 
labor,  and  other  impediments  were,  however,  for  a  long  time  a  serious 

'  Production  of  Gold  and  Silver  in  the  United  States,  1881,  p.  301. 
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clipi'k   tn   the  iriatigtir:itioM  of  niiniiiir.   uhirh   w.i.s  (•IlL•.l^'l■lI   in   i.ril\    in    , 
lit  fill  and  s|):u><ino(iir  inaniuT. 

It  is  not  known  at  prrri.Hcly  wliat  date  mininy  \\a>  !u>t  U-^un  m  »-»uth- 
orn  Arizona  l)y  .\nn'ri(an?<,  Imt  pn)l»al)ly  it  wiis  alnnit  |H.*>(),  or  Mxin  uftor- 
uanl.  The  country  carno  into  the  {MNiMOtwion  f>f  the  I'liitcfl  StatcH  only 
in  ISIS.  At  all  events,  the  S»|M>ri  silver  ininr.  a  few  iniU-.s  south  of  Tiir- 
son.  was  de\('lo|»ed  by  a  New  l-!n^land  rompany  alnttit  ls.'><3.  The  Santa 
Kita  nnne.s,  10  miles  cast  of  Tuhae  and  fA)  miles  soutli  of  Ttiewin.  were 
n'|>orted  on  hy  enj;inrers  as  early  as  IS.V.).  Mxplorations  wcri'  also  earlv 
made  in  the  ('olora<lo.  or  Heint /.t'lman  mine,  alwiut  "J'J  miles  west  of  Tuhae. 

The  most  famous  of  the  early  mines  of  t<outhern  Arizona  wiw  the 
Mowry.  situated  in  the  Patagonia  Mountains,  just  north  of  the  Mexican 
JMirder,  JO  miles  from  lort  Buchanan.  This  was  «uie  of  the  first,  )Mi.ssi|j|v 
the  first,  of  the  silver-lead  dejxisits  of  the  country  west  of  the  Hoekv 
Miuintains  to  U'  worked  hy  Americans.  The  date  of  its  discovery  Is 
uncertain,  Imt  alM»ut  IS.'),')  its  owners.  Mexicans,  sold  it  to  Major  lOwell, 
then  in  command  at  Kort  Crittenden,  Ariz.,  and  a.sso<iates.  They  .'*ol(i 
it  to  Lieut.  Sylvester  Mowry,  win>  ojx'rated  it  from  IS.')K  to  iSJi.').  or  a 
little  later,  on  a  consideral»lc  scale.  He  erected  stneltinn  furnaces,  and 
at  one  time,  it  Ls  said,  employed  as  many  as  400  men.  During  this  (leriod 
the  mine  was  examined  l»y  .several  well-known  engineers,  who  re|>orted 
favorably  i-oincrniiii:  it.  In  iStVJ  a  lot  nf  "_'.'>  foii>  df  ilic  (in-  uiv  |.\  iK.rti.l 
to  Kun»pe. 

The  principal  vein,  winch  wa.s  ;{  to  I  ft.  in  width,  and  at  that  time 
openecl  to  a  «le|)th  of  S.i  ft.,  carried  arKcntifennis  palena.  (luido  Ktu^tel. 
well  known  ixs  a  nnninn  engineer,  re|K)rtcd  in  ISO-J  that  the  vein  was  then 
over  II  ft.  in  width,  occurrinp  U'twdMi  limestone  and  pranite-like  |)or- 
phyry.  with  lea<l  carlKuiate  and  sulj>hide  ore.  The  mine  had  then  l>een 
ofiened  to  a  depth  of  ISO  ft.,  with  four  galleries.  The  ore  contained 
inui,  man^aiH's<».  and  lead  in  such  pnip«»rtions  as  t«t  l)e  self-fluxing.  Smelt- 
ing was  carried  on  at  the  mine,  hut  in  a  crude  and  wjisteful  manner. 
Olieratioiv*,  moreover,  were  always  endan^ere<l  l»y  the  liability  of  Indian 
attacks,  and  finally  were  brou^rht  to  a  standstill  by  .-irj  incursion  which 
n*sulted  in  the  destruction  of  the  works,  the  tall  brick  chininey  of  the 
nmelter  remaining;  an  the  only  monument  of  the  fonner  enterpri.se  and 
activity. 

Acc«>rdinp  to  J.  !{«»>«  Hn»wnc.'  the  n'i»orts  as  to  the  .Mowry  n»ine 
were  all  to  some  extent  exaRRcratetl.  He  vi.Mitod  the  mine  in  IMil,  and 
foiuul  that  the  averajie  of  the  ore  was  lietween  fst.')  and  $10  per  ton.  The 
lode  averageil  al)out  I  ft.  in  thickne.ss.  He  said,  moreover,  that  the 
mine  ha<I  never  pai<l  expenses,  but  might  l»e  made  pnifitable  un<ler  judi- 

'  Minrrnl  Rix»»»urrp«  of  the  S(atr«  ami  Territories  Wc«t  of  the  H«»cky  Mountaiiui, 
for  isi»7.  p    447. 
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c'ious  ami  economical  management.  Here  we  have,  doubtless,  the  true 
reason  why  the  mine  remained  idle  so  long  after  the  termination  of  Mowry's 
operations.  It  was  relocated  in  1872,  but  it  was  in  the  heart  of  the  coun- 
try infested  by  Apaches,  and  nothing  but  desultory  work  was  done  on 
it  until  more  than  30  3ears  later. 

Of  the  hostile  Indians  in  Arizona,  the  Apaches  were  the  most  powerful 
and  dangerous  to  the  country.  They  had  liccn  persistent  enemies  of  the 
Mexicans  since  their  rising  in  1828,  and  their  raids  into  Mexico  often  ex- 
tended as  far  south  as  Durango.  Up  to  1859,  however,  they  lived  at 
l^eace  with  the  Americans,  but  beginning  with  that  year  they  waged  an 
unremitting  and  relentless  war  on  all  whites.  It  is  the  testimony  of  the 
early  authorities  in  Arizona  that  these  Indians  did  more  to  retard  the 
settlement  of  the  Territory  and  the  development  of  its  mines  than  all 
other  causes  put  together.  The  subjugation  of  these  Indians  was  one 
of  the  most  difficult  tasks  that  fell  upon  the  United  States  Army  after 
the  Civil  War.  Finally,  in  1875,  after  many  years  of  tedious  conflict, 
the  Apaches  and  other  hostile  Indians  were  forced  on  reservations,  and 
not  until  then  was  the  Territory  freely  opened  to  the  prosecution  of  mining, 
which  i)reviously  had  been  at  many  points  impeded  and  at  some  points 
absolutely  prohibited.  From  1875  to  1881  there  were  sporadic  .raids  by 
the  Apaches  from  their  reservations,  but  these  were  gradually  checked. 

In  the  vicinity  of  the  Mowry  mines  there  were  other  veins  of  lead  ore, 
which  had  been  opened  to  a  less  extent.  Other  lead  mines  were  known 
to  exist,  and  were  prospected  to  some  extent,  in  the  Baboquivori,  Cababi, 
and  Sierriti  Mountains,  to  the  west  and  northwest  of  Tubac.  Along  the 
Colorado  River  there  were  lead  mines  in  the  Eureka  district,  40  miles 
above  Arizona  City,  now  Yuma,  where  there  was  a  small  mining  excite- 
ment in  1862;  and  at  Castle  Dome,  50  miles  above  Arizona  City,  discov- 
ered in  1863,  where  galena  rich  in  both  silver  and  lead  occurred.  In 
central  Arizona,  in  the  vicinity  of  Prescott,  occurrences  of  lead  were  also 
known,  but  nothing  of  great  importance.  The  above  notes  indicate  the 
general  status  of  lead  mining  in  Arizona  in  1867. 

About  1869  operations  began  to  be  conducted  on  a  considerable  scale, 
in  the  Castle  Dome  district,  and  small  but  stead}^  shipments  of  rich 
galena  were  made  to  San  Francisco.  Some  smelting  was  done  in  the  dis- 
trict about  1874,  but  San  Francisco  continued  to  be  the  principal  market  for 
the  ores.  Most  of  the  lead  production  of  Arizona  up  to  the  time  of  opera- 
tions at  Tombstone  was  derived  from  Castle  Dome  and  the  neighboring 
district  of  Eureka. 

In  1880  mining  in  southern  Arizona  received  a  great  impetus  through 
the  completion  of  the  Southern  Pacific  railway.  About  the  same  time 
the  mines. at  Tombstone  were  becoming  largely  productive.  These  mines 
were  discovered  by  Edward  SchiefTelin  in  the  spring  of  1878.     The  name 
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of  the  iirxt  (laiin,  ami  afterward  of  the  town,  wiv^  MiK^ested  liy  the  |)n»{ih- 
coicM  of  S<'hiefTeHn's  frieiulu,  who  advised  him  on  f^tartin^  out  that  he 
wouhl  find  no  mines.  I)iit  only  l»is  tomlwtonc,  the  roKion  Umiik  still  infected 
by  hostile  Apa«hes.  The  success  of  his  «liscoveries  attracted  others,  and 
in  1S71>  the  town  of  Tomlwttme  already  numlx'red  M'veral  thousand 
inhahitants.  Tontlistone  w:us  essentially  a  silver  camp;  its  lead  out|nit 
w:ts  never  very  im|>ortant.  when-fon'  it  will  receive  only  l>rief  mention 
here.  The  mines  were  worketl  profitably  until  ISSO  when  difTerences 
an>sc  amoni;  the  ccunpanies  as  to  pumping  the  firvixt  volume  of  water 
that  enteriMl  the  mines,  and  the  latter  were  allowed  to  fill.  According 
t4»  John  A.  Chun-h.  the  pn)duct  of  the  Tombstone  mines  up  to  their  clo.s- 
iuK  in   l>vS(i  w:ls   UiJi.fKK)  oz.  of  gold.   21.')(KI.(HH)  oz.  of  silver,  and   'i(MX) 

tons  of  lead.'     After  nearly  20  years  of  idleness   the.*<e   miif -     ■•')w 

hoiUR  reopened  l»y  a  company  which  hjus  coitsolidated  them 

Toml>stone  wjis  never  essentially  a  lead-producing  district,  its  ores 
l»eing  chielly  valuable  for  their  K<»hl  and  silver,  which  were  e.xtractable 
by  the  pan  amalgamation  proce.ss.  There  were,  however,  in  some  por- 
i'uuxs  of  the  ilistrict  on\s  that  were  moderately  rich  in  lead.  an<l  nearly 
all  of  the  ores  carried  some  lead,  which  wjus  thn)wn  away  in  the  mill 
t^iilinps.  The.se  tailings  were  al.so  rather  high  in  silver.  In  ISN'i  the 
e\i>eriment  w;ts  tried  of  smelting  these  tailings  f«)r  recovery  of  their  lea<i 
and  precious  metals  contents,  using  the  black  oxide  of  numganese  of  the 
dustrict  as  flux  instead  of  in)n.  This  experiment  wjls  cpiite  s»ic<-e.ssful 
anil  leatl-smelting  furnaces  were  regularly  ojK'rated  from  1SS,3  until  the 
cessation  of  mining  o|)erations  in  IKSti. 

\ru'  Mexico.  —  New  Mexico  wjus  considerably  more  backward  than 
Arizona  in  the  development  of  its  mining  industry,  but  as  a  producer  of 
silver-lead  ore  it  eventually  l»ecame  a  g<»od  deal  more  im|iortant.  The 
existence  of  lead  ores  w:us  early  known,  but  scarcely  anything  w;is  done 
toward  their  exploitation  until  1S7J  when  the  mines  of  carlxinate  ore  in 
the  Magdalena  .Mountains,  alxiut  '2\  miles  fnun  S)corn>.  were  W(»rke<l  to 
Home  extent,  ancl  a  few  cx|)erin)ents  were  made  to  smelt  the  ores,  rever- 
l»erat<»ry  furnaces  Ix'ing  first  tried,  aiul  then  bhist  fiirnaces  blown  with 
U'llows.  The  mines  at  Silver  City  were  al.so  worked  at  aUjut  this  time, 
several  .Mexican  ftirnaces  )x>ing  in  «»fieration  (here  for  the  redMfti«>n  of 
rich  silver-lead  ores. 

A.s  in  .southern  .\rizona.  then*  ^'>.i.'>  .iii  inij-'i  i.iiii  .^j-.wii-n  niuiiii^  in- 
dustry in  this  Territory  l>efore  its  ronquest  by  (leneral  Kearney  in  IS47 
and  sul»s««(|uently  <'ession  to  the  I'nited  States.  Mining  ha<l.  however.  Iieen 
chi'cked  by  the  Indian  risings,  in  wmie  ifistances  previous  to  \GSl).  I-larly 
mining  by  AnK-ricarvs  wjis  also  inifieded  in  New  .Mexico,  an  in  Arizona, 
by  the  rniiLs  of  the  A|>aehes  and  other  hostile  Indiaas. 
•  ProfraMonal  Kr|>ort.  Jan    JJ.  lOCTJ 
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No  very  active  mining  of  ^^ilver-lead  ores  was  undertaken  in  New  Mexico 
until  about  1881.  In  that  year  small  furnaces  were  erected  at  various 
points,  and  a  custom  smelting  plant  was  established  at  Socorro  to  draw 
ores  from  the  mines  near  by  and  from  the  neighboring  district  in  the 
i\Iagdalena  Mountains.  Socorro  County  has  always  been  the  most  im- 
portant source  of  lead  in  New  Mexico.  In  1882  its  output  of  base  bullion 
was  1040  tons,  besides  which  about  1000  tons  of  ore  were  shipped  to 
outside  smelters.  In  1883  there  was  a  considerable  increase,  and  in 
1884  the  output  of  the  Socorro  smelter  was  400  to  700  tons  of  base  bullion 
per  month.  This  was  obtained  from  ores  produced  at  Socorro  and  Mag- 
dalena,  the  latter  district  being  very  productive.  Large  bodies  of  lead 
carbonate  ore  were  also  developed  in  1884  in  the  Victoria  district,  Grant 
County,  whence  shipments  were  made  to  Socorro,  and  at  Cook's  Peak, 
Grant  County,  whence  shipments  were  made  partly  to  Socorro  and  partly 
to  Deming,  where  a  smelter  had  been  erected. 

Shipments  of  ore  were  made  in  1884  from  Lake  Valley,  Sierra  County, 
but  the  rich  mines  of  that  place  were  silver  mines,  rather  than  lead  mines. 
The  Organ  district.  Sierra  County,  was  inactive. 

The  various  lead-producing  districts  of  New  Mexico,  especially  Mag- 
dalena,  Socorro,  and  Cook's  Peak,  maintained  a  small  but  rather  steady 
output  until  about  1901,  when  mining  fell  to  a  low  ebb.  However, 
smelting  continued  to  be  done  at  Silver  City.  At  Magdalena,  where 
the  Kelly  and  the  Graphic  were  the  most  important  mines,  the  lead  ore 
had  been  practically  exhausted,  but  large  bodies  of  zinc  ore  remained, 
carbonate  above  the  line  of  oxidation  and  mixed  sulphides  below.  In 
1903  these  mines  began  to  be  worked  as  zinc  mines,  with  the  prospect 
that  they  would  be  as  valuable  for  zinc  as  they  had  previously  been  for 
lead. 
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Cai.ifokmv  now  ornipios  a  very  minor  plarc  Jis  a  producer  of  lead, 
but  ill  tlio  I'arly  <lays  <>f  U'a<l  niiuiu^  in  the  States  and  Territories  west 
of  the  R<»<ky  Moiuitaiiis  it  ln-hl  a  very  iinixtrtant  jKisition.  it  l)eiiig  indeed 
the  first  of  those  Stat<'s  wherein  a  regular  pnxhiction  of  lead  in  conuner- 
rially  significant  (piantity  was  l)emin,  the  inati^uration  (»f  this  imhistry 
a  little  antedating;  that  of  lum'ka.  Nevada.  The  lead  pntdtirtion  of 
California  rapidly  in<n':ised,  and  attainecl  very  n'spe«tal»le  proi)«»rtiorLs 
even  in  eoniparistin  with  the  ^reat  pnxluction  <»f  Nevathi  and  I'tah. 

The  lead  production  of  California  w:ts  first  derived  fn)ni  the  mines 
of  the  terro  (ior«l«»  district,  in  Inyo  County,  on  the  rid^e  of  the  Inyo 
Mountains.  op|)osite  Owens  I^^ike.  It  w:is  known  as  early  Jis  ISC'),  jier- 
ha|)s  earlier,  and  like  many  mining  districts  in  that  part  of  the  country 
was  discovered  by  Mexicans.  They  worked  the  ori's  for  some  time  in  a 
primitive  manner,  smelting  them  in  vasos,  but  the  district  did  not  attain 
im|xirtance  until  1S(><»,  when  some  of  its  mines  were  taken  in  hand  l>y 
Americans,  es|M'cially  \'.  lieaudry  and  .M.  W.  lU'lshaw,  who  erected  larger 
smelting  furnaces,  and  after  a  great  deal  of  exjierimenting  succeeded  in 
successfully  fluxing  the  on's.  The  production  of  the  district  in  1KG9 
wius  aljout  HHM)  tons  of  i»:i.>;o  bullion.  During  the  .^even  years.  ISGU- 
lS7'i,  the  |)roduction  was  us  follows:  lS(i!»,  KKM)  tons;  1S7(»,  1."><H)  t<.iis; 
1S7I.  2(MM)  tons;  ISTJ.  :V2'2i)  tons;  IST."..  KHM)  tons:  ls7l.  'A'AH)  t«.ns;  IS7'>. 
:ir>(N)  tons. 

The  ore  of  (Vrro  (lordo  w.is  chiefly  galen.i.  averaging  very  high  in 
silver  and  lead.  It  w;is  found  generally  in  contact  veins  of  S  ft.  and 
more  in  width,  occurring  Utw*"*'!!  formatioiLs  of  limest«»ne  and  tal<«».se 
slate.  The  veins  were  workable  to  considerable  tiepths  through  nditA, 
the  on*  w:is  ejisily  and  cheaply  mined,  and  save  for  tin*  scarcity  of  w.iter 
in  the  distri<t  and  the  high  cost  of  trans|>ortation  on  mat<'rial  in  and 
out  the  conditions  of  mining  anti  smelting  were  favorable. 

The  district  wjis  n\'»ched  by  wagon  road  fn»m  I>»s  .\ngeles.  ln>m 
which  it  W!L><  distant  JSti  miles  in  a  northe:isterly  »linMtion;  or  by  stage 
from  Reno  on  the  Central  I'acifie  Railway.  The  charges  for  freight  out 
of  the  district,  in  ISO!),  wrre  0  c.  per  lb.  to  I>os  Angeles,  anti  on  iuwani 
freight  fn»m  .t  to  0  c.  |ier  lb. 
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The  smeltinji;  of  the  ore  of  the  cHstrict  early  fell  into  the  hands  of  V. 
Beaiulrv,  the  firm  of  Belshaw  &  Judson,  and  the  Owens  Lake  Silver- 
Lead  Co.  The  method  adopted  consisted  in  sortinsi;  the  ore  to  a  rather 
clean  product  of  galena,  slag-roasting  in  "galenadores,"  a  Mexican  form 
of  reverberatory  furnace  with  sloi)ing  hearth,  and  smelting  in  small  blast 
furnaces,  the  last  being  gradually  improved  in  dimensions  and  design. 
In  1874  Beaudry's  furnace  was  remodeled  to  dimensions  of  34X40  in. 
at  the  tuyeres,  48x52  in.  above  the  bosh,  and  9  ft.  in  height  above  the 
tuyeres.  It  had  five  S^-inch  tuyeres  and  was  blown  by  a  No.  6  Root's 
blower.  The  charge  j^er  24  hours  consisted  of  71  tons  of  charcoal,  25 
tons  of  lead  ore,  IJ  tons  of  silicious  silver  ore  and  2  tons  of  slag,  a  total 
of  about  27  tons  of  ore  and  29  toas  of  charge.  The  cost  of  smelting  was 
as  follows: 

7|  tons  charcoal    $261 .25 

3  smelters  at  $4 12.00 

3  helpers  at  $4 12.00 

3  chargers  at  S4     12.00 

2  enginemen  at  $4 8.00 

2  foremen  at  $8  16.00 

12  roustabouts  at  $4 48.00 

Water    25.00 

Repairs,  supplies,  etc 75.00 

Total $469.25 

On  27  toiLS  of  ore,  this  came  to  S17.38  per  ton.  The  cost  at  Belshaw 
&  Judson's  works  was  about  the  same.  Each  furnace  would  turn  out 
about  9.07  toas  of  pig  lead  per  24  hours,  showing  an  extraction  of  about 
36  units  of  lead  per  ton  of  ore,  and  indicating  an  average  assay  of  45  to 
50%  lead  in  the  ore  smelted.  The  bullion  assayed  about  140  oz.  silver 
per  ton.  It  was  estimated  that  the  lead  value  of  the  bullion  would  pay 
the  cost  of  mining,  smelting,  and  transportation  to  San  Francisco,  where 
the  bullion  was  refined  at  cost  of  $25  per  ton,  the  silver  value  in  excess 
of  S25  joer  ton  being  profit. 

The  two  principal  smelters,  who  entered  into  a  species  of  combination, 
conducted  a  very  successful  business,  both  in  mining  and  smelting,  the 
purchase  of  ores  from  other  miners  being  a  prominent  feature  in  the  latter 
branch,  and  complaints  were  early  made  at  the  rates  charged  by  the 
combination  which  much  resembled  the  grumbling  in  other  camps  at  a 
later  period.  From  the  historical  standpoint  the  early  work  in  the  Cerro 
Gordo  district,  displaying  intelligence  and  good  business  management, 
is  particularly  interesting  in  view  of  the  bungling  failures  which  were 
being  experienced  contemporaneously  at  so  many  other  places  in  the 
West. 

In  1875  the  production  of  Cerro  Gordo  fell  off  because  of  litigation 
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wliicli  (IikscmI  the  I'liion  iiiino.  one  of  tlu*  larKO  (irodiK  ri>.  ;iii<i  Uh-  hiMik  i 
iH'VtT  n*KJ»'nt'«l  it'<  pri'vioiis  iiii|Mirtaiii'(>.  This  wjlh  of  roiirs**  due  not 
in(>n'ly  to  the  litigation,  hut  rather  t4)  iin|Miveri.shinent  of  the  ininoH  and 
inahility  to  work  prolitaMy  the  lower  urade  of  on?  under  the  existing 
« onilitiiins.  The  seanity  of  water,  distance  froru  fuel,  tin*  altitu«le  ainl 
extn'inc  grade  from  the  valley,  all  militated  gn-atly  against  mining  o|>era- 
li«)n.s.  By  ISSI  only  thn-e  companies  were  ojierating  and  their  pn»duc- 
tion  w:us  small.  All  of  the  old  furnaces,  which  previously  had  U-en  s«» 
pn»lital>le.  were  idle.  (Jreat  (juantities  of  ore  averaging  in  value  from 
$J.">  to  $.'M)  |¥>r  ton  were  sai«l  to  have  l)een  left  untoiiched,  their  value  Ixing 
l»;ircly  sullicient  to  cover  the  <-ost  of  extraction  and  retluction.  The  real 
dithculty  app(»ars  to  have  U'cn,  however,  the  character  of  the  veins, 
which  Would  in  places  swell  into  groat  ore-lM>dies  stich  jis  those  early  opened 
in  the  Iniiui  mine,  and  further  on  would  pinch  (»ut  .so  as  to  lie  hardly 
traceable.  In  l!M)4.  aft«'r  a  long  |)criod  of  idleness,  steps  were  taken  to 
n'ojien  these  mines. 

In  1S74  large  de|)osit.s  of  argentiferous  lead  carl)onate  and  sul[)hidc 
ore  were  di.scovered  in  the  Darwin  district,  Iny<»  County,  an«l  .s<M»n  after- 
ward .several  furnaces  were  erected.  Other  small  lead-producing  districts 
were  sul)s<'(|uently  found  in  vari<»us  jxirtions  of  Inyo  County,  l>ut  none 
•>f  them  h:us  ever  liecome  an  im|>ortant  .soune  of  lead,  although  .s«»me 
of  them.  in«luding  the  Darwin  district,  have  l>een  worked  in  a  desultory 
manner  up  to  the  prc.sent  time. 
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COLORADO 

Colorado  was  practically  first  explored  in  1859,  the  year  of  the  Pike's 
Peak  excitement.  No  gold  was  then  found  in  the  vicinity  of  Pike's  Peak 
itself,  although  it  is  interesting  to  note  that  more  than  30  years  later 
the  mines  of  Cripple  Creek,  one  of  the  greatest  gold  discoveries  in  America, 
were  found  within  the  shadow  of  the  peak.  The  early  pioneers  penetrated 
the  mountains  in  various  directions,  and  among  other  less  important 
camps  located  those  of  Georgetown,  Central  City,  and  Oro.  The  last 
was  within  the  limits  of  what  later  became  Leadville,  but  the  original 
workings  were  for  gold  in  the  placers  of  California  Gulch,  and  the  existence 
of  silver-lead  ore  did  not  become  known  until  many  years  later. 

The  mines  at  Georgetown,  in  Clear  Creek  County,  were  discovered 
in  1859.  During  the  next  two  years  there  was  a  rush  to  these  mines 
from  other  parts  of  the  State,  and  several  smelting  works  were  erected, 
but  none  of  them  was  able  to  beneficiate  the  ore  to  advantage.  Various 
processes  were  tried,  among  others  the  Scotch  hearth,  which  had  proved 
so  successful  in  smelting  the  non-argentiferous  galenas  of  Missouri.  Their 
operation  was  not  understood,  and  no  lead  could  be  produced  until  by 
the  assistance  of  a  colored  man  who  had  worked  in  Virginia  the  ore  was 
made  reluctantly  to  give  up  some  of  its  lead,  though  not  enough  to  en- 
courage further  work.  The  Scotch  hearth  was  not  of  course  adapted  to 
the  smelting  of  these  galenas,  rich  in  silver,  under  any  circumstances, 
and  the  experiments  at  Georgetown  were  doubtless  tried  with  ore  too 
low  in  lead,  and  comparatively  high  in  the  zinc  blende  which  character- 
izes the  veias  of  Georgetown  and  Silver  Plume.  The  silicious  and  zinky 
character  of  the  Georgetown  ores,  together  with  their  low  content  in 
iron,  made  them  ill  adapted  to  blast-furnace  smelting,  and  although 
numerous  furnaces  were  erected  from  1861  to  1869,  only  one  or  two  con- 
cerns achieved  any  success. 

In  1869,  ten  years  after  the  first  immigration,  Colorado  west  of  the 
main  range  was  still  practically  unknown.  Some  discoveries  of  nugget 
gold  had  been  made  in  the  gulches  at  the  heads  of  Ten  Mile  Creek  and 
Blue  River,  and  some  strong  galena  lodes  had  been  discovered  in  Fletcher 
Mountain,  which  a  Boston  company  was  developing.  A  wagon  road 
from  Georgetown  to  Snake  River  was  nearly  finished  and  two  or  three 
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(•i)n(H'ni.s  wrro  oriMtinK  n-vcriH-raK'n  niriiaccs.  NiiiJionius  .HtnuiK  titi- 
ItMKi-lH'ariii^  \v\i\s  liail  Ik'<'M  huatfil,  but  frw  of  llu'tii  lia«l  U-tMi  <lrv«-|oiX'il, 
A  little  snieltin^  wjus  iKmc  at  (jet>rj;cto\vn,  hut  most  of  the  rich  galefm 
oH's  proihic-ed  iu  that  vicinity  weiv  shipijed  to  New  Jersey  for  reihiition. 

The  ( onistoik  mine,  at  Saint  .hthn.  near  Montezuma,  Summit  Count  v, 
wjus  of)eneil  in  ls7t)  hy  the  lioston  Silver  Mining  Assoriution,  unii  a  few 
tons  of  its  galena  «»re  wer»»  stneltetl  in  a  small  l)l;i.><t  furnace.  A  larger 
anti  U'tter  on'  dn-ssinj:  and  smelting  plant  was  c«»mi»leted  in  ls72.  These 
o|)prations  are  ui  ronsiderai)le  interest  since  they  may  U*  considen-d  the 
first  serious  atterjipt  to  c(»nduct  lead  smelting  in  Colorado,  and  s<'veral 
engineers  who  suhsecjuently  Ix'came  eminent  in  the  pntfession  receive<l 
their  training  at  these  works.  The  ore  w:us  sla^-n»:isted  and  smelted 
in  a  Mast   furnace  with  excellent  n-sults. 

In  iST.i  the  mines  near  Uosita  in  the  Hardscrahhle  district,  Fremont 
County,  which  had  l)Ocn  ili.scovercti  in  ls7(),  Ih-umu  to  attract  coasiderahle 
attention,  and  s<»mc  attempts  to  smelt  the  ore  wen?  made,  not  however 
with  succe.*vs.  the  rau.»<e  of  the  failun'  U'in^  the  same  as  in  so  many  of  the 
early,  alH)rtive  attempts,  viz.,  defective  construction  and  i<inorancc  of 
the  smelting  process.  About  the  same  time,  the  Homestake  mine  in 
the  Sawatch  Kan^e,  near  Homestake  Peak,  oi)|)«)site  the  head  of  the 
.\rkans:Ls  River,  and  not  far  from  where  Ix»adville  w:us  to  Ix?,  ha<I  IxH'n 
opened,  ami  in  1S75  a  smelter  was  liuilt  at  Malta,  at  the  mouth  of 
California  (Julch.  to  tn*at  the  ore  from  this  mine  and  otlwrs  which  it  was 
expected  would  U'  develojxMi  in  that  re^iion.  However,  the  smelt<-r 
did  not  pmve  succe.«<sful. 

In  1N74  leail  ores  were  ship|x»d  from  Colorad«>  to  Chirapo,  III.,  to  Wy- 
andotte, Mich.,  to  l*itt.sl)ur>;,  I'enn..  to  .Swaasea,  Wales,  and  to  (lerniany. 
l!\|¥Timents  in  smeltinj:  were  made  at  Lincoln  City,  in  I'rench  (luh-h, 
near  Hreckenridj^e,  where  2 10  tons  <»f  pi^  lea«l  were  produced  in  a  four 
months*  nin.  The  <»rc  was  obtained  fnnn  the  Cincinnati  (or  Kobley)  lode, 
which  had  \hh'U  <levelo|»ed  so  as  to  Ix*  cap.able  of  pnxlucinj;  10  tons  daily 
«»f  almost  pure  galena.  The  works  were  operateil  by  S|)ears  A:  Conant, 
who  in  the  summer  of  IS7IJ  put  up  a  small  reverlieratory  furnace,  whirh 
did  not  prove  su<-ce.ssful.  In  1^71  .a  bla.>«t  furnace  wjus  substituted,  and 
this  n«it  proving  satisfactory  al<»ne  two  Drummond  furnaces  were  added. 
The  bullion  was  ship|>ed  by  pack  train  an<I  wjigon  to  Denver,  whence  it 
Went  by  rail  t<»  Chicimo.  There  were  in  Colonulo  in  ls7l.  Upsides  the 
Lincoln  City  works  alx»ve  nientioned.  a  plant  at  Hall  (Julch  (Park  C<iunty) 
with  throe  bla.st  furnaces  and  nominal  capacity  of  40  ton.**  of  ore  |ier  day; 
a  plant  at  (Jolden  with  «»ne  sl.aij  furn:n-e  and  one  bijust  furnace,  nominal 
capacity  t»f  12  t<ttus  |)er  day;  ami  one  at  Denver  with  tw<i  ro.'istinj;  furnaces, 
one  bl:ist  furnace  and  a  Halbach  refining  plant,  nominal  capacity  20  t4ias 
|)er  day.     None  of  these  plant.s  was  in  continuouj)  o|)eration  thmughout 
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the  year.*  According  to  F.  F.  Cliisholm  the  total  production  of  lead 
in  Colorado  in  1874  was  only  312  tons.-  However,  this  estimate  is  too 
low,  inasmuch  as  a  large  quantity  of  lead-bearing  ore  was  shipped  to 
eastern  smelters.  The  status  of  lead  smelting  in  Colorado  at  this  time 
was  quaintly  put  by  T.  F.  Van  Wagenen,'  who  said,  "  Whether  Colorado 
ores  are  really  as  rebellious  as  in  past  times  they  have  been  supposed  to 
be,  or  whether  this  Territory  is  supposed  to  be  a  legitimate  and  proper 
field  for  the  trial  of  every  new  and  outrageous  idea  that  is  hatched  by 
would-be  metallurgists,  it  is  certainly  true  that  the  metallurgical  industry 
here  grows  slowly,  and  does  not  show  anything  like  the  advance  that  is 
necessary  to  keep  pace  with  the  increasing  ore  product.  This  is  evidenced 
by  the  quantity  of  high-grade  ores  that  are  shipj3ed  to  the  Eastern  States 
and  to  Germany.  .  .  .  Even  in  the  older  towns  and  under  the  shadow  of 
former  failures  can  be  found  evidences  of  the  same  disregard  of  science 
and  experience  which  nearly  wrecked  the  young  community  in  1862- 
66."  The  Hall  Valley  Smelting  and  Mining  Co.  had  erected  a  dressing 
works  and  smeltery  regardless  of  expense.  The  mineral  produced  in  the 
former  was  trucked  to  the  furnace  room.  "  Here  the  trouble  commences," 
remarked  Mr.  Van  Wagenen.  However,  Dr.  Raymond,  with  his  usual 
perception,  expressed  the  belief  that  in  a  few  years  but  little  ore  would 
go  out  of  Colorado,  except  to  Germany  or  to  points  in  the  East  where 
fuel  and  labor  are  extraordinarily  cheap.  It  required  less  than  10  years 
to  fulfil  this  prophecy. 

There  was  nothing  particularly  noteworthy  in  lead  mining  in  Colorado 
until  in  1876  and  1877  the  discovery  of  carbonates  at  Leadville  created 
an  excitement  which  by  1878  attained  a  height  superior  to  an3^thing 
experienced  in  the  United  States  since  the  early  days  of  the  Comstock 
lode.  In  comparison  with  this  the  rushes  to  Eureka,  White  Pine,  Pioche 
and  the  Cottonwoods  faded  into  insignificance.  The  idea  was  early 
grasped  that  here  it  was  not  a  case  of  a  single  group  of  valuable  mines, 
Init  rather  that  an  extensive  area  of  territory  was  mineralized  with  im- 
mense deposits  of  ore,  rich  in  lead  and  silver,  lying  near  the  surface  and 
easily  mined.  The  experience  of  the  next  two  or  three  years  proved  that 
in  this  idea  there  was  no  mistake. 

The  history  of  Leadville  is  one  of  the  great  romances  of  mining,  but 
in  a  work  of  the  present  character  it  is  impossible  to  dwell  too  long  upon 
its  many  absorbing  events  not  directly  connected  with  the  economics 
of  the  industry.  In  the  midst  of  the  ore  deposits  of  Leadville  there  had 
been  a  mining  camp,  called  Oro,  since  1860,  when  some  of  the  pioneers 
of  the  Pike's  Peak  excitement  of  1859  pushed  up  the  Arkansas  Valley 

1  Mineral  Resources  West  of  the  Rocky  Mountains,  for   1S74,   pp.   3S6-388. 

2  Mineral  Resources  of  the  United  States,  1882,  p.  310. 

3  Mineral  Re.sources  West  of  the  Rocky  Mountains,  for  1874,  pp.  358-388. 
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an«l  fnimd  plarrr  ^<»|(1  itj  (  ;iiiii>riii.i  » inlch.  Tlu*  iilaccrs  pnivcil  fairly 
pnxlurtivr.  Iiiit  tlir  cliiuaK  was  soon  n'aclicil  an<l  aftiT  tin*  first  yoar  iIh? 
|)opulatii>ti  of  the  distrirt  liogan  to  (Iwiiitile  au<l  within  three  or  f«>nr  years 
there  wen'  only  a  few  luindri'tl  ri'inainin^.  In  iSTti  a  few  of  the  old  placer 
miners  were  still  at  work,  ekiii^:  out  an  uiLsatisfartory  existence. 

However,  the  placers  of  California  (Jnlch  were  the  <lircMt  lea<l  to  the 
discovery  of  the  carlMinates.  In  April.  1S74,  Mr.  A.  H.  Wood,  of  Detroit, 
Mich.,  an  e\|n'rience«l  niinin^  enninwr,  went  to  California  (lulch  to  work 
the  Star  placer.'  In  examining  the  jjravel  he  noted  the  "heavy  mck," 
so  ealleil  l)y  the  miners,  and  identified  it  ;us  lead  <tre.  He  inirnediat4'ly 
Itegan  st-anhin^  f»)r  its  source,  and  in  June,  1S7I,  f<tund  on*  in  place  on 
the  pre.sent  H<»ck  claim,  on  Dome  II ill.  Me  continued  his  pn»s|X'ctinj;. 
hut  matle  no  locations,  waiting  for  the  titles  to  the  al)an<loned  placer 
claims,  covering:  all  the  ground  adjacent  t«t  California  (Julch,  to  expire, 
which  they  would  do  in  the  next  year.  In  the  meanwhile  he  studied 
the  geology,  and  in  the  spring  of  IS?.")  wjui  ahle  to  jKiint  out  to  W.  H. 
Stevens,  of  Detmit,  and  l*ntf.  H.  IV-eger,  of  Alma,  Colo.,  the  out<rop 
of  the  vein  in  the  Lime,  Kock,  and  Dome  clainis.  During  the  following 
summer  the.sc  an«l  other  clain\s  on  Iron  Hill  were  located  hy  Wood  and 
SteveiLs  in  the  interest  of  Detroit  parties;  they  formed  the  hjisis  of  the 
Iron  Silver  Mining  Co..  which  it  may  Ix*  remarked  in  passing  is  one  «»f 
the  imjmrtant  mining  companies  of  Ix»advillc  at  the  present  time.  The 
first  ore  wa-s  extracted  from  the  Hock  claim.  In  the  summer  of  iSTti 
rich  ore  was  found  in  the  Iron  and  Bull's  lOve  claims. 

In  1S7()  August  i{.  Meyer  was  at  Alma,  just  over  the  .M(iv(jiiito  range 
fn)m  I>>adville,  :us  agent  for  the  St.  I>)uis  Smelting  and  Refining  Conj- 
pany.  He  was  naturally  attracted  by  the  rcjiort.s  of  the  new  discoveries, 
and  visited  them  for  the  purfxi.se  of  buying  ore.  In  the  fall  of  1S7(»  he 
shipiM'd  '2(M)  to  .itK)  toius  l»y  wagon  to  Colorado  Spririgs  (at  a  cost  of  $J.') 
jier  ton)  and  thence  by  rail  to  St.  liouis.  The  nn\  which  a.ssayed  <M)% 
lea<l  and  7  oz.  silver  |x»r  ton.  yielded  a  profit  in  spite  «»f  the  high  charges, 
and  thus  it  having  Ikhmi  provetl  that  the  mines  could  l>e  jijK'ratetl  su<'ce,ss- 
fully,  pros|)eeting  was  un<lertaken  vigorously.  I.,:ite  in  the  fall  of  ls7r» 
the  Camp  Bird  mine  on  Inm  Hill  was  discoven-d;  in  the  winter  the  I>)ng 
&  IVrry.  <»n  the  hill  «tf  that  name;  in  the  f<illowing  spring  and  summer, 
the  CarUinate  and  Shamrock  mines  on  CarlM)nate  Hill.  Then  followed 
the  Little  Pittsburg  .and  Chry.Milite  «m  IVyer  Hill.  These  nunes  wen- 
far  apart,  indicating  a  gn«at  an-a  of  mineral  district.  Pnts|joctors.  miners, 
promoters,  and  all  the  camp  followers  rushed  in.  New  «li.scoverics  mul- 
tiplied nipidly.     Immense  amounts  of  on*  were  taken  out   inm\  innue- 

'  It  is  worthy  of  note  (hat  the  (\iin.Mt«>rk  lixic  ami  thr  rarlxmnlr  orr  of  Ix^dvillr 
worr  Im>||i  ili.srovrnti  l>y  i^liirat<-il  iiiiticntloeiHl.H.  llm  fortiwr  l>y  tlio  (int^i  lin)tlirr> 
(  41-  Knginrrrtng  and  Mining  Journal,  Vvh.  27,  IHSTJ).  aimI  (Ii<>  lattrr  liy  .\    H    WiHni 
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diately  under  the  surface.  Mines  were  bought  and  sold  at  advancing 
jirices  with  marvelous  rapidity.     The  Leadville  boom  was  inaugurated. 

The  natural  conditions  which  stimulated  the  unparalleled  excitement 
at  Leadville  were  concisely  expressed  ])y  a  writer  in  the  Engineering  and 
Mining  Journal  of  May  7,  1881,  who  said:  "If  the  mineral  deposits  of 
Leadville  were  set  upon  edge  like  the  fissures  of  Nevada,  they  would 
make  a  few  mines  equal  in  depth  and  ricimess  to  the  famous  Comstock 
lode,  and  there  would  be  a  few  colossal  fortunes,  varying  from  $25,000,000 
to  §60,000,000,  accumulated.  As  these  deposits  are,  however,  compara- 
tively horizontal,  the  district  embracing  them  is  emphatically  the  people's 
mining  district,  and  benefits  a  far  greater  number  of  individual  operators 
and  companies  than  any  other  camp  yet  discovered." 

In  the  spring  of  1877  a  petition  was  made  for  a  post-office.  Mr.  August 
R.  Meyer  proposed  the  names  Cerussite  and  Agassiz,  which  were  objected 
to  as  being  too  scientific.  Mr.  A.  B.  Wood  proposed  Lead  City,  which 
was  rejected  because  of  possible  confusion  with  the  town  of  the  same 
name  in  the  Black  Hills.  The  name  Leadville  was  finally  adopted  as  a 
compromise.  In  the  fall  of  1877  the  population  of  Leadville  was  200. 
In  the  spring  of  1878  it  was  incorporated  as  a  city.  In  1880  it  had  a  popu- 
lation of  15,000,  a  full  equipment  of  municipal  improvements,  together 
with  schools,  churches,  and  hospitals,  30  producing  mines,  and  14  smelt- 
eries with  an  aggregate  of  37  blast  furnaces,  of  which  24  were  in  active 
operation.  The  first  smelter  had  been  built  by  the  St.  Louis  Smelting 
and  Refining  Co.,  under  the  direction  of  August  R.  Meyer.  It  was  known 
as  the  Harrison  Reduction  Works,  in  honor  of  Edwin  Harrison  of  St. 
Louis,  stood  on  the  side  of  California  Gulch,  at  the  foot  of  Harrison  Avenue, 
and  was  one  of  the  successful  plants  of  the  camp,  continuing  in  operation 
into  the  nineties.  The  Grant  smelter  was  next  erected.  (This  was 
burned  in  1882,  after  which  Grant,  Eddy  &  James  rebuilt  at  Denver, 
their  works  there  becoming  one  of  the  great  metallurgical  establishments 
of  the  United  States.)  The  third  plant  at  Leadville  was  that  of  Berdell 
&  Witherill,  subsequently  known  as  La  Plata.  After  that  the  number 
of  works  increased  rapidly. 

According  to  the  statistics  of  the  Tenth  Census,  the  production  of  the 
mines  of  Leadville  in  the  year  ended  May  31,  1880,  was  152,241  tons, 
which  averaged  a  little  less  than  70  oz.  silver  per  ton.  The  smelters 
treated  140,623  tons  of  ore  and  produced  28,283  tons  of  work-lead,  which 
contained  an  average  of  285  oz.  silver  per  ton.  Data  obtained  from 
eight  of  the  principal  smelters,  in  operation  at  that  time,  showed  that 
the  average  yield  of  a  ton  of  ore  was  65.64  oz.  silver  and  19.94%  of 
lead.^ 

The  statistics  of  Leadville's  production  of  lead  to  the  end  of  1905 
»  S.  F.  Emmons,   Geology  and  Mining  Industry  of  Leadville,  p.  17. 
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The  statistics  for  the  years  1S77  ISOIl  are  fnirn  The  Mineral  Iixhislry, 
vol.  II.  pp.  ',tS\)  ;i«K),  wlu'n'in  the  inetluHl  of  their  compilation  is  (lescril>e(l, 
Qxcept  that  the  I^eaMville  limires  for  IKSl.  ISSJ.  and  1X.S4  have  l>een 
nni.se(l  as  pt^r  the  Mint  He|K>rts  for  tho.sc  years.  While  these  statistics 
are  i)n)l)al)ly  not  ahsolutely  correct,  they  may  l)e  ac<'epte<l  :us  reasonably 
close  appniximations.  The  statistics  for  Ix^adville's  production  in  iS'Jo 
and  IHlKi  are  estimated  fn>m  reix)rt.s  in  the  "  Production  of  Clold  and 
Silver"  (Director  of  the  Mint)  for  tho.s<'  years,  while  the  statistics  for 
('<»lorado's  pntduction  in  IS'.M  iS'.Mi  are  from  the  n*|xtrts  of  the  l*.  S. 
(HH>logical  Survey.  The  statistics  for  ls«)7  and  suksctjucnt  years  are 
tho.so  of  the  Commi.'vsioner  of  Mines  <»f  Colorado. 

The  pnnluction  of  I>eadville  w.xs  checked  for  a  few  weeks  in  .lune. 
1S.S0,  l>v  a  strike  of  the  miners,  which  close<l  |>ractically  all  of  the  mino 
of  the  camp.  Imt  nevertheless  the  «>utput  for  the  year  sh«»wrd  a  larm- 
increase  over  the  pn'vious  year,  anuiuntinn  to  2.'i^.(MH)  ton.s  of  on*,  which 
yielded  34.(M)()  toius  of  lead.  At  the  eml  of  the  year  there  were  'A'2  furnaces 
in  the  camfi.  of  which  27  wore  in  Mast.  The  mines  of  Fryer  Hill,  made 
famous  hy  the  Little  Tittshun?.  (hry.solite.  ami  Little  Chief,  were  already 
deci<|e<lly  on  the  wane,  and  this  year  suffered  from  a  .serious  undergniund 
fire.  The  Little  Pittshurp.  which  had  j.n.ducrd  over  $I.IXK).000  in  1S7«> 
(of  which  $I.().'i<).IXX)  was  profit),  pmducrd  lianlly  anything  in  ISS<». 

Outside  of  I^eadville  the  lea<i  prrxluction  of  Colorado  w:is  still  insig- 
nificant.    In  Custer  Count V  the  Ha.ssick  ami   Bull-I)<iminpo  mines  were 
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producing,  wliile  lead  ore  was  mined  in  small  quantities  at  Kokomo, 
Red  Cliff.  Aspen,  and  in  the  Gunnison  and  San  Juan  countries.  At  cer- 
tain of  these  points  little  smelteries  were  operated. 

Reference  may  be  made  here  to  the  extensive  litigation  over  titles 
which  proved  costly  and  trt)ul)lesome  in  the  early  histor}-  of  Leadville. 
This  was  in  connection  with  the  jjernicious  law  of  the  apex,  which  had 
previously  been  a  prolific  source  of  trouble  in  the  mining  camps  of  the 
West,  especially  at  Eureka,  but  was  woi"se  in  its  effects  at  Leadville  than 
elsewhere.  Wood  and  Stevens  had  carefully  located  the  outcrop  of  the 
blanket  vein  on  Iron  Hill,  expecting  to  hold  the  deeper  levels  behind 
their  claims.  Litigation  naturally  arose  over  this,  in  which  the  Iron 
Silver  Mining  Co.  was  esj^ecially  involved.  The  cases  began  to  be  decided 
in  1S80  and  1881  and  generally  went  against  the  Iron  Silver  company. 
The  result  was  to  make  Leadville  an  unqualified  side-line  camp,  t.c,  one 
in  which  by  tacit  consent  the  law  of  the  a]3ex  was  disregarded  and  mineral 
rights  were  held  only  within  vertical  planes  projected  downward  from 
the  surface  lines  of  each  piece  of  property. 

In  the  silver-lead  industry  Leadville  historicall}'  holds  a  high  place, 
not  only  for  the  great  magnitude  of  its  production,  but  also  because  it 
put  the  finishing  touches,  so  to  speak,  on  the  metallurgical  industry,  which 
had  its  first  development  at  Eureka  and  Salt  Lake  10  years  previous. 
As  we  look  back  it  is  marvelous  to  consider  how  much  was  achieved  in 
the  15  years  from  1870  to  ISSo.  The  works  of  1870  were  petty  affairs, 
even  at  Eureka.  Those  at  Leadville  in  1885  were  already  big  plants 
that  would  compare  not  unfavorably  with  any  of  the  works  in  operation 
in  1900.     Subsequent  to  1885  the  improvements  were  mostly  in  details. 

Eureka  was  the  birthplace  of  the  silver-lead  smelting  industry,  but 
the  work  there  was  the  smelting  of  ores  of  single  mines.  The  Salt  Lake 
Valley  was  the  birth-place  of  the  custom  smelting  business,  i.e.,  the  pur- 
chase and  treatment  of  miscellaneous  ores.  But  it  was  at  Leadville  that 
custom-smelting  received  its  great  im}3etus.  The  ores  were  produced 
by  many  mining  companies,  few  of  which  had  any  incentive  to  erect 
private  smelteries;  such  as  did  so  were  quite  unjustified  in  the  under- 
taking. The  ores  were  of  varied  character,  affording  ample  opportunit}^ 
to  compound  good  smelting  mixtures.  The  field  was  a  superb  one  for 
shrewd  buyers  aided  by  expert  smelter  managers.  Manj^  of  the  early 
smelters  failed  after  a  few  j-ears  of  operation,  but  a  considerable  number 
achieved  great  success  and  laid  the  foundations  of  fortunes  which  con- 
tinued to  be  employed  for  many  years  as  capital  in  the  lead  smelting 
and  refining  busine.ss. 

In  the  chapter  on  metallurgy  the  important  features  in  the  metallur- 
gical practice  in  the  early  days  of  smelting  at  Leadville  are  described. 
This  subject  is  exhaustively  treated  in  the  report  of  Antony  Guyard, 
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ilu-stry  of  I/*a<lvilU'."  Tlii.s  n*i"»rt  \\n.s  rna<lr  in  Anmjst,  ivso.  Al  that 
time  :<ix  <»f  the  10  sinrltin;;  \v«»rks  of  the  di-strirt  ha«l  alrea'ly  coaMMi  nin- 
ning.  The  first  owl  <»f  tlio  plants  ran^c*!  umcrally  from  I'JO.iNM)  to  $•)'»,- 
(MM).  One  only  IkuI  cost  upwanl  of  $1(K).(KMJ.  it.s  liKuri-  Uin*:  $I0().O(W. 
The  nito  generally  paid  for  ores  wxs  '.>.')' ,  of  the  New  York  \mcc  forHiU-er, 
20  to  2.5  c.  |«'r  unit  (2()  II).)  for  lead,  and  $ls  jirr  oz.  f(»r  K"hJ  C'^t  only 
when  its  amount  exeeede«l  0.1  oz.),  minu.s  $IG  to  $2')  ficr  ton.  The 
dolomite  flux  then  employed  <«».st  $.S.'>0  to  $-1  [wr  ton;  cljarcoal,  10 
and  IS  e.  i»erl)ushel;  roke  $2.'>  to  $.J0  per  ton.  The  smelting  of  a  ton  «tf 
ore  recjuin'd  0.12")  |»art  «»f  dolomite,  OiWh't  part  of  inui  flux,  ami  0..'{2  pjirt 
of  fuel.  On  the  hiisLs  «»f  the  furnaec  charge  tl»e  fuel  was  23.3', ,-  Tlic 
avenige  jR-n-entage  of  lead  extracted  in  smelting  w;i.«i  .'vS;  of  silver,  96.5. 
The  average  cost  of  smelting  w:i.s  $1.').2.»  |>er  ton.  The  general  wages 
were  $4  jier  12  hours  for  head  smelters.  $.3..'>0  |)er  12  lu»ure  for  fc'etlers. 
|L{  per  12  hours  f<»r  shig  wheelers,  anti  $2.")0  per  10  hot:-  ^  -  i.  i  .,  _ 
The  freight  on  Inisc  bullion  to  the  Kiist  w:is  $.'{.'>  |K'r  ton. 

The  following  estiniate  of  the  c<'<»n«imir  conditions  in  smelling  at  a 
{>lant  of  two  furnaces  is  given  as  illustrative  of  the  conditions  in  July. 
I.VnO.  Tlie  <juantity  of  ore  smelte«l  |xt  21  hours  wxs  -IS  toas.  The  de- 
tails of  o()erating  ex|)easo  were  lus  follows: 

.'J  "io  ctml.t  WfKwl  f«»r  Htoain  rnittinj;  at  $l.7o  $1.'»  II 

J  '                 t  Ki  .an«|  Si  lodo 

s                   .t  M  .{•.'( M) 

(  H         •  7m «> 

«...                  ;»t  r.'.V)  H.j.-^) 

17  ton.t  oi  (ioUiiiiitr  nt  S.'i.'i()  MM) 

-'.7.5  Um<^  of  in>n  flux  at  f.J  .'»U  Jti  \2 

l>  i>  tofw  rhnrrtitti  at  f  IS  57  171  77 

7  liin*  r..k««  a»  $:{!  M)  -"♦•-'  V» 

ltr|taint  ami  rt-m-walj*  i  !•■  .'7 

Tola!  f'.isoM) 

or  f.l)  4.'i  |M>r  ton. 

The  cost  of  IS  tuas  of  «)re  containing  'M' l  leail  and  4l.'i  uz.  silver 
per  ton  at  95'",'  of  the  price  of  silver  ($1.14  per  ox.)  and  15  r.  per  unit 
for  the  lead,  U-ss  $'20  |ier  ton.  wjus  $14(11  (N>.  The  product  w:is  14  toas 
of  liullion.  c«mtaining  I'Mi  oz.  silver  jM-r  ton.  which  wits  wortli  (after  tie- 
ducting  the  refiner's  charge  of  $14.50  per  ton)  $.'J226.44.  There  was 
therefore  a  pn»fit  of  $7S4.7S.  or  $10  .'i'l  jier  ton.' 

1  think.  h<»wever.  that  the  aU»ve  estimate  sonwwhat  ox-rrstatrs  the 
pmfit,  inasmuch  as  the  value  of  the  lead  in  tlie  bullion  is  rrckonod  at 
4.5  c.  |ier  lb.,  while  the  bullion  u*  reckone<l  at  lOO'','  lead,  ami  no  allowance 

*  Eromooa.  GcoloiQr  and  MininK  ImiiMtry  o(  IvomIviIIp.  p.  600. 
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appears  to  be  made  either  for  freight  on  bullion  to  the  refiner,  or  the 
refiner's  discount  on  silver  and  lead.  It  is  stated  on  p.  692  of  the  same 
report  that  the  price  of  lead  in  bullion  at  Leadville  during  the  year  ending 
June  1,  ISSO,  varied  from  $30  to  $78  per  ton,  the  average  being  $60  to 
$72.  The  freight  to  the  East  was  $35  per  ton.  The  refiners  paid  for 
the  silver  at  the  New  York  price  less  3  c.  per  oz.,  and  in  some  cases  de- 
ducted 100  lb.  of  lead  per  ton  of  bullion,  besides  which  there  was  a  refin- 
ing charge  of  $14  to  $15  per  ton. 

After  1880  the  improvement  in  smelting  methods  was  very  rapid. 
The  grade  of  the  ore  smelted  declined  both  in  silver  and  lead.  Compe- 
tition among  the  smelters  reduced  the  margin  in  the  purchase  of  ores, 
and  consequently  the  profits  in  smelting,  the  price  to  the  miners  being 
correspondingly  increased.  The  plants  of  inferior  design,  construction, 
and  management  were  eliminated  and  smelting  came  down  to  an  even 
and  orderly  basis.  In  April,  1881,  the  total  number  of  furnaces  in  opera- 
tion was  31,  which  treated  650  to  700  to  as  of  ore  per  day.  In  1885  the 
only  plants  in  operation  were  the  Arkansas  Valley,  American,  La  Plata, 
Harrison,  Elgin,  and  Cummings  &  Finn.  In  1886  the  last  had  gone  out 
of  operation  and  had  been  dismantled.  A  few  years  later  La  Plata  was 
abandoned.  The  remainder  continued  in  operation  until  1893,  when  all 
were  closed  down  during  the  silver  panic.  After  that  the  Elgin  was 
operated  fitfully  for  a  little  while,  but  the  Arkansas  Valley  was  the  only 
one  of  the  old  works  to  be  continued  in  regular  operation.  It  resumed 
in  January,  1894,  with  a  reduction  of  10  to  15%  in  the  wage  scale.  This 
plant  has  been  greatly  developed  and  modernized,  and  is  now  one  of  the 
most  important  of  the  American  Smelting  and  Refining  Co.  The  Union 
Smelting  Co.,  a  new  concern,  operated  at  Leadville  in  1894,  and  for  a 
few  years  subsequently. 

The  decline  of  Leadville  as  a  smelting  center,  beginning  in  1882  or 
1883,  was  due  largely  to  the  competition  of  smelters  at  Denver,  Pueblo, 
Kansas  City,  and  St.  Louis,  which  caused  a  bitter  fight  extending  through 
several  years.  A  plant  had  early  been  erected  at  Pueblo  by  Mather  & 
Geist.  In  1882  (May  24)  the  Grant  smelter  at  Leadville  was  destroyed 
by  fire,  and  its  owners  with  a  clear  perception  of  future  developments 
rebuilt  at  Denver.  In  1883  the  Colorado  Smelting  Co.  erected  works 
at  Pueblo.  The  competition  of  the  eastern  and  valley  smelters,  which 
the  Leadville  smelters  were  beginning  to  feel  seriously  in  1883,  had  be- 
come so  strong  in  1884  that  out  of  the  Leadville  output  of  46,814  tons 
of  lead,  they  bought  and  produced  11,333  tons.  They  required  the  ferru- 
ginous ore  of  Leadville  to  flux  the  ores  obtained  from  other  districts,  and 
to  get  it  they  bid  up  the  price  to  a  point  where  the  Leadville  smelters 
were  forced  to  pay  more  than  it  was  worth,  i.e.,  under  their  conditions. 
The  valley  smelters  had  the  advantages  of  cheaper  fuel  and  labor,  and 
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thp  rommaiifl  of  a  l»ni;nUT  tm-  inarki't.  in  fa«"t  \\\v  \\\uAv  State  of  Colnradfi, 
while  tributary  t«»  I^'ailville  then'  were  <mly  a  few  (amjiK,  e.H|ierially 
Red  ClifT  ami  Asueii.  On  the  other  haiul.  the  <>ro  that  wiu*  ship|N><l  freirn 
Ix'atlvilie  to  I'lieMo  and  Denver  had  to  pay  $.')  |»<'r  ton  railway  freight, 
whirh  the  l/'advilie  snu-lters  esj-ajwd.  Hut  their  bullion  prodiirt  wjts 
taxed  $1J  i>er  ton,  a  disprojxirtionately  hi^h  rate,  an<l  with  thi.s  and  other 
railway  disrritninations  apainst  it.  smelt  inn  at  l><'adville  eeju^ed  to  Im? 
very  pn»fital»le.  Only  tl>e  exct'ilent  furnace  W(»rk  and  .-tri<t  ((iinr.tMV 
of  the  l>eadvillc  snicltors  enal>letl  them  to  survive.' 

Ac'cordinp  to  the  re|)ort  of  La  Plata  Mining  and  SnuitinK  ^  ".,  |nr  the 
year  ending  .lune  'MK  ISN').  as  mu<h  as  $^10  jht  ton  was  paid  for  lead  in 
ore  when  only  $.T2  |H*r  ton  coulij  U*  ol>taine<l  for  lead  in  hars.  For  thi« 
reason,  the  furnaces  were  run  only  77' ,'  of  the  time.  an<l  .smelte<l  12.491 
toas  of  ore  at  an  average  cost  of  $\).'A\  |K'r  ton.  divided  as  f«»llo\vs:  Lalntr, 
$2.64;  Hupplics.  $().22;  a-'^saying.  $().()4;  transix)rtation,  $<).03;  fuel,  $.5.11; 
flux.  $<).72:  water.  $0.02;  general  exjK'nse.  $0.0.^;  total.  $031.  This 
figure  Wits  coiLsideraltly  higher  than  at  some  of  the  other  works  at  Ix'a«l- 
villc  at  the  same  time.  Out  of  the  24  furnaces  in  the  six  works  at  I>ea(l- 
ville,  only  1')  were  running  in  June.  ISS.').  The  shortage  of  lead  was 
so  great  that  some  wf>rks  were  oMiged  to  resmelt  their  hullion  in  (iniir 
to  pmvidc  .'<uf!icient  eolleeting  agent  in  the  furnace  charge.' 

The  lead  (»rc  originally  smelted  at  Ix'adville  was  carhonate.  Ikluw 
the  water  level,  however,  the  ore  was  sulphide  and  this  w:is  soon  oix^ned 
hy  the  mines  hack  <»f  the  outerojis.  The  eomparatively  small  amount 
of  sulphide  on'  at  first  produ«-ed  was  charged  raw  int«»  the  Mast  furiuire.**. 
None  of  the  smelters  at  that  time  was  provided  with  ro:usiing  furnaces. 
The  output  of  sulphide  ore  increased  rapidly  and  alM)Ut  1SS3  the  .smelters 
Ix'gan  to  erect  roasting  furnaces.      By  ISS.')  all  of  tliem  were  tlnis  ecpiipped. 

The  r\!*c  of  the  valley  smelters  w:is  accompanied  hy  a  great  increjtsc 
in  the  production  of  lead  in  Colorado  outside  of  I^eadville.  In  ISSl 
then*  w;is  a  production  of  ll'.K)  tons  of  hullion  in  the  T<>n  Mile  clistrict 
(KohiiLson  an<l  Kokomo)  and  a  little  el.«*ewhere  in  the  State,  hut  I^ead- 
villc  still  furnished  U|)ward  of  IK)','  of  the  total.  The  next  year  saw  a 
gn*at  increas<»  in  the  outsitle  pnxluction.  Hed  ("liff  and  <»ther  cam|is  lie- 
ginning  to  yieltl  coit<ideral)lc  on*.  In  IVn^J  smelting  wsis  iiegtin  at  Asjien, 
and  the  mines  of  the  .Monarrh  district  Ix'gan  to  Ik;  imxlurtix-c.  Kn>m 
iss;t  to  1S«K)  a  large  (piantity  of  lead  in  the  aggregate  was  derived  fn»m 

]\iu]    (TifT      Aspen,    MHiI     Mmi'ircli  ''    litit     tluir    iiiiiirs    !i;m1     liiitliiliL'    like    flic 
■  /  ;  ami   M'tntKJ  .h'Urf),!!.    >J:iy  ■»,    j'vv. 

»A  ,   fin*/  Mintng  Jnurnttl,  July   4.    |S.V>. 

'Tin  .Moiukrrh  ili.Hlnrl  prixliir*"*!  nJ«»ii(  lO.IMlO  lonn  (»f  1«-'kI  iii  lVv,*i,  Imt  ,ifl«T  th.at 
it.H  oul|iut  Km<lii»lly  fril  ofT.  nmuiiiitiiix  to  7600  (uiut  in  ISS7,  57(JU  toiin  in  IHKS,  «n<l 
ir.«s  than  3U00  tons  in  1880. 
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magnitude  of  the  great  deposits  at  Ijcadville.  INIorc  or  less  lead  was 
obtained  also  in  the  San  Juan,  where  there  were  smelters  at  Rico,  Durango, 
Lake  City,  and  elsewhere.  After  1886  the  mining  industry  of  Colorado 
exix3rienced  a  great  expansion;  by  that  time  most  of  the  important  min- 
ing districts  of  the  State  had  been  reached  by  railways;  the  custom  smelt- 
ing business  at  Denver  and  Pueblo  had  been  broadly  developed;  and  ores 
carrying  more  or  less  lead,  the  amount  of  which  was  large  in  the  aggregate, 
were  received  from  many  sources. 

It  was  along  with  the  establishment  of  the  valley  smelters  that  the 
important  metallurgical  and  commercial  difference,  to  which  I  have  sev- 
eral times  referred,  began  to  be  developed.  Lead  ore  came  to  be  no  longer 
valuable  only  for  its  own  metallic  contents,  but  acquired  an  additional 
value  because  its  lead  was  useful  as  collector  for  the  gold  and  silver  in 
smelting  silicious  and  other  ores  which  contained  no  lead,  the  so-called 
"dry  ores."  As  the  supply  of  those  ores  increased  more  rapidly  than  the 
supply  of  lead  ores,  the  smelters  were  no  longer  able  to  run  furnace  charges 
containing  20%  or  more  of  lead  as  in  the  early  days  at  Leadville;  but  as 
the  extraction  of  the  precious  metals  suffered  when  the  percentage  of  lead 
in  the  charge  went  below  12%,  there  was  created  a  strong  competition  for 
lead  ore  to  bring  up  the  average  of  the  charge  and  a  higher  price  was 
paid  for  it  than  its  own  metallic  contents  would  justify.  We  shall  see, 
later  on,  that  this  became  an  important  question  in  connection  with  the 
importation  of  lead  ores  from  foreign  countries  and  the  tariff  on  them. 

As  early  as  1885  the  shortage  in  the  supply  of  lead  ore  in  Colorado, 
from  the  standpoint  of  the  silver-lead  smelters,  Avas  acute.  The  situation 
which  arose  in  that  year  is  well  summarized  by  P.  S.  Wilson  in  the  report 
of  the  director  of  the  mint  on  the  "  Production  of  Gold  and  Silver  in  the 
United  States,"  for  1885,  pp.  133-134,  who  says: 

"The  method  of  smelting  has  been  changed  considerably  during  the 
year,  owing  to  the  fact  that  the  supply  of  lead  has  fallen  below  the 
demand.  The  smelters  have  been  forced  to  use  less  lead,  and  to  give 
preliminary  roasting  to  rebellious  ores,  iastead  of  charging  them  raw,  in 
small  quantities,  as  heretofore.  They  have  also  contracted  for  the  entire 
output  of  heavy  lead  producers,  or  purchased  outright  mines  of  this 
character,  to  procure  the  amount  absolutely  necessary  for  their  furnaces. 

.  The  cupellation  of  base  bullion  has  become  necessary  in  Leadville 
through  the  scarcity  of  lead  ores  and  the  excessive  quantity  of  dry  ores 
that  the  mines  have  been  yielding  of  late.  The  competition  for  the  pur- 
chase of  lead  ores  has  been  so  great  that  t-he  prices  paid  have  had  the 
effect  to  greatly  reduce  the  smelters'  profits,  and  in  instances  to  cause 
loss  iastead  of  profit.  For  the  first  six  months  of  the  year  the  quoted 
price  of  lead  averaged  3|  c.  per  lb.,  but  the  price  paid  the  miner  was 
higher  than  the  quotations  justified.     The  last  six  months  the  quoted 


pnrc  nilni  fptiii  i  c.  tn  1}  v.,  aixl  the  Miit'ltrrN  i»;ii<l  jin»|x 
rnlrs  to  thr  miru-r.  Diiring  the  oiitiru  year  the  |iri<  «• 
than  the  average  of  market  qiKitatioiw." 

This  •^•rious  roixiitioo  wjus  sonu'what  atnolioratrd  in  Is-Mi  ulun  rar- 
Umatr  «>n\  rich  in  lfa<l,  Ix'gan  to  U*  iiiiix>rt«vl  frntn  Sierra  .Moja«la,  Mexico, 
Imt  the  stringenry  continiie<l  ne  vert  ho  loss,  ami  at  certain  tinier  wan  acute, 
the  sincltors  Umhk  ol)|i^('<i  to  run  chanjrs  jm  I<»\v  im  7','  in  Iea<l.  which 
wjuH  far  t<M>  httle  to  insure  a  pn»ner  extraction  of  the  precious  nH-'lal*. 
The  letting!  of  the  contnict.s  for  the  lar^c  output.s  of  p<hmI  carlM>natc  ore 
mnaiiiirij:  at  I>ca«lvill<'  nv:ls  an  interesting  event  of  each  year,  and  onh- 
narily  these  on's  fetched  full  market  vahies  for  their  silver  an«l  lead  with- 
out any  dc<luction  for  smelting,  a  loss  to  the  smeltcrB  which  they  were 
<»l)li^ed  to  make  no<»<l  out  of  other  ores.  .Vfter  the  pjLv-:ige  of  the  McKin- 
ley  hill  in  \X'M),  which  led  to  the  estaMishment  «»f  smelten*  in  Mexico 
and  the  cutting  ofT  of  that  supply  of  lca<l  ore.  the  situation  Ijccanic  very 
bad.  esite<'ially  :i.'<  at  alxuit  this  time  the  l:tst  of  the  lu;j  lM)dies  of  carlntnate 
ore  at  Ix*advillc  w:is  worked  out.  It  w;is  not  until  iS'.Hj  I'MKJ,  when  the 
priMluction  of  the  CVeur  d'Alene  increiised  largely,  that  the  supply  of 
lead  <»ro  Ix'came  ample.  We  liave  .seen  two  times  since  I'.KH)  when  it 
was  t«M>  large  and  restriction  l»ecan)c  nece.ssary.  During  the  Uml  10  years, 
an<l  at  the  present  time,  the  silver-lead  smelting  industry  of  the  Unit<»<l 
States  hjis  U»en  and  is  hrt'sod  on  the  Coiir  d.Mene  pnnluctiim.  The 
control  f»f  that  means  practically  the  contn>l  of  the  entire  industry. 

The  remainder  of  the  history  of  lead  in  Colorado  may  l)c  Hummarizoci 
very  Itriefly.  The  otitput  of  I^eadville  attained  its  maximimi  in  iSSJt, 
continued  at  high  figures  until  ISIHJ  and  then  declined  rapidly  owing  to 
tlic  exhaustion  of  its  ore-lxwlies,  although  the  tonnage  of  other  kinds  of 
ore  increa.sod.  and  at  the  present  time  Ix»adville  ranks  first  among  the 
mining  districts  of  Colorado  in  that  n'sjiect.  The  inc^ea.>^?  in  the  tonnage 
wa.H  directly  Htimulate<l  by  the  improvements  in  mining  and  smelting 
practice  and  ndu«tions  in  the  fn-ight  rates.  whi«h  enal)le«l  lower  and 
lower  gradi-s  <if  ore  to  lie  mined,  while  the  decline  in  the  pnuluction  of 
lead  occuntMl  in  the  face  of  these  impn»ve<l  conditioan.  By  \S92  the 
iMMlies  of  high-gr.'ide  carUuiate  ore  ha<l  practi«'ally  l»eon  exhausted.  The 
cost  of  smelting  at  Ix^advillc  in  ISSO  was  al>out  $1.').*J.'>  per  ton.  In  lUOU 
it  was  only  $4  per  ton.  The  cost  of  mining  in  the  large  de|xmitn  of  sul- 
phide ore  had  c«ime  d«»wn  to  only  a  little  more  than  $'2  \vr  ton,  and  a  few 
yean*  later  wiis  »»nly  $1.7').  The  freight  and  refining  charges  on  bullion 
ha<l  al.Ho  experience<l  Kirat  re<lucti<»a«<.  There  werv  corrpj«|ionding  econ- 
omies in  the  f*  of  »»m  at    I'uebUi  and   I>enver.  whirh  stimulated 

tin*  mining  of  U .i\fi  ores  in  many  parts  of  tin*  State,  and  thus  main- 

taincnl  the  total  lead  output  at  a  high  figure.     Sulisoqucnt  to  1K90  there 
was  no  new  dLsco\Try  of  lead  in  Colorado  except  the  mines  of  Cneede 
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in  1S91,  and  those  were  of  no  jjreat  importance,  although  they  have 
been  steady  producers.  The  hirge  decrease  in  the  production  of  lead 
in  Coloratlo  in  1893  was  due  to  the  great  fall  in  the  price  of  silver,  together 
with  the  low  price  for  lead,  which  compelled  many  mines  to  suspend 
ojx'rations.  The  lead-mining  industry  of  the  State  continued  at  a  low 
ebb  during  the  four  years  following,  due  chiefly  to  the  low  price  prevail- 
ing for  lead.  In  1896  a  strike  of  the  miners  for  higher  wages  checked 
production  at  Leadville.  From  June  1  to  September  20  (when  a  violent 
attack  was  made  against  the  Coronado  mine)  every  important  property 
was  idle.  0{3eratioas  were  then  resumed  with  the  aid  of  imported  miners, 
under  the  protection  of  the  State  militia,  although  the  strike  continued. 
The  next  year,  1897,  marked  the  depth  of  depression  in  lead  mining 
in  Colorado.  The  prices  for  silver  and  lead  were  low  and  labor  troubles 
were  prevalent  in  many  mining  districts.  In  explaining  the  decrease  in 
production.  The  Mineral  Industry  for  that  year  said:  "The  great  deposits 
of  silver-lead  ore  at  Leadville  are  now  practically  exhausted,  and  the 
Arkansas  Valley  Smelting  Company,  at  present  the  only  concern  with 
lead  furnaces  in  blast  at  Leadville,  was  obliged  last  year  (in  1897)  to  buy 
Cccur  d'Alene  lead.  The  old  mines  of  Fryer,  Carbonate,  Iron,  and  Rock 
hills,  which  were  formerly  the  chief  sources  of  lead  ore,  are  for  the  most 
part  abandoned  to  lessees.  The  latter  make  a  considerable  production 
by  working  around  the  old  stopes  and  occasionally  come  across  a  new 
pocket  of  ore,  but  no  important  discovery  is  to  be  expected  since  the 
ground  has  been  so  thoroughly  prospected.  .  .  .  The  miners  of  the  district 
have  been  helped  considerably  by  concessions  from  the  railwaj^s  with 
respect  to  freight  rates  to  the  valley.  Early  in  October  the  freight  rate 
on  high-grade  ore  was  reduced  from  $4.45  per  ton  to  $3."  It  is  interesting 
to  compare  the  smelting  rates  on  carbonate  ore  at  this  time  (1897)  with 
those  which  prevailed  in  1880.  Silver  was  paid  for  at  95%  of  the  New 
York  quotation  and  gold  at  $19  per  oz.  The  paj^ment  for  lead  and  the 
deduction  for  smelting  were  as  follows: 

5-10  %  lead  35  c.  per  unit  $7  treatment 

10-15  %  lead  35  c.  per  unit  5  treatment 

15-20  %  lead  40  c.  per  unit  3  treatment 

20-25  %  lead  42  c.  per  unit  2  treatment 

30-35  %  lead  45  c.  per  unit  0  treatment 

35-40  %  lead  47  c.  per  unit  0  treatment 

40-45  %  lead  50  c.  per  unit  0  treatment 

45-50  %  lead  52  c.  per  unit  0  treatment 

50-55  %  lead  55  c.  per  unit  0  treatment 
These  prices  were  based  on  lead  at  4  c.  per  lb.  at  New  York. 

In  1898  a  revival  in  mining  at  Leadville  and  elsewhere  in  Colorado 
set  in,  and  in  1900  the  total  lead  production  of  the  State  attained  a  higher 
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fifjurr  than  over  l)oforo  in  Il-h  hi.Nl4try.  'lUls  uxs  «lu«'  U>  llic  riMun  l4Mtltijry 
of  the  |*rire  for  Icutl.  to  l\\v  iiitnMliii'lion  of  econoinicr*  in  mining;  an<l  hnielt- 
iii^,  to  the  settlement  of  the  hiUtr  trouhli^M  an<i  a  KOX'ral  rerof^nition 
that  the  Ixtnan/a  days  of  niiniii^  in  Colorado  had  ii:Ls.scd,  and  that  o|iera- 
tioiw  to  Ik*  successful  \v«»uld  have  to  U-  (onducted  in  a  clos*-,  eureful, 
and  seientifie  manner.  An  im|Mirtant  faetor  wa.s  the  impnivenicnt  in 
the  method  of  milling  the  sulphide  on*  of  I>eadville.  largely  a  n^sult  <»f 
the  introduction  of  the  Willley  tahle,  which  (*naliled  s«'V«Tal  mines,  pre- 
vioiwly  iille,  to  l>e  put  asain  int4»  o|)eration.  These  mines,  ami  likewiso 
similar  minc«s  in  other  parts  of  the  State,  were  further  aid«*d  soon  after- 
wanl  hy  the  devehipment  of  a  market  for  their  zinc  pnnluct.  uhiih  pre- 
viously had  U'en  a  wjiste.  This  siihjeet  Ls  discusse«l  at  length  in  the 
section  «»f  this  work  whi<h  treats  of  the  history  of  /.inc. 

It  Ls  interestinp  to  ol>serve  the  distrihution  of  the  h'a<l  production 
of  CoIora«lo  in  I'.K)').  as  shown  hy  the  n'|)ort  of  the  ConunLssioner  of  Mines. 
This  pives  the  output  l»y  countii^s.  l)Ut  as  in  tlie  most  im|)ortant  oases 
tlie  oounty  pnnlm-tion  oorres|)onds  practically  with  that  of  a  mining 
cILstriot,  l.^ike  County  for  example,  iK'ing  preci.sely  e(|uivalent  to  I>oad- 
ville,  the  figures  are  instructive.     They  are  :is  folh»w- 

I^kc  ('oiiiity  (I..«*a«lvill<')  .'•i.i.'l  tnnn 

I'itkiii  Coimty  (.\.H|»cn)  ID.'.IS"  tuiw 

Miiii-nit  Couiily  (Ciwdc)  .'>.'.mi  tons 

Other  roiiDlirH  .  I  I,.*i4).*i  ((inn 

TcituI  57.85G  torn 

After  I>oadville  the  nunes  of  As|)en  have  lH»<'n  the  largest  pHxhioers 
of  lead  in  Colorado,  although  they  are  commonly  n>)!arded  its.  and  ind(>ed 
are,  silver  mines  ratluT  than  lead  mines.  Since  1SS.'J  these  niines  have 
lieen  steady  |>n)ducers.  although  for  a  few  years  after  the  silver  panic 
their  out|)Ut  w:»s  small.  Their  production  w:ls  :VJ(K)  tons  in  iSSTt;  (MMX) 
in  1SS7;  stMM)  in  I>vS.S;  71(M)  in  1.SS9;  2'2'2S  in  1S<»7:  7U'>1  in  1S9H; 
12.721)  in  \SW:  i:i.7Jr.  in  I'.KK);  U).:\7')  in  I'.HH;  12.»s7  in  l'.K)2:  UifulTt 
in  VMV.^,  9111  in  l'.M)|;  I().<>s7  in  llKK');  .md  S7sl  in  IlKHi.  The  fimiros 
sinoo  1S97  are  for  the  whole  i>f  I'itkin  County. 

In  view  of  the  incompleteness  «»f  the  st:rli.''tics.  it  would  l>e  difTicult 
to  pntnotmce  which  of  the  other  «listricts  <»f  Colorado  •■■'•'^■^  ••^  «'minont 
in  |M»int  of  a^iin^fiate  pnMluotion. 

As  for  the  future,  mining  conditions  in  Colorado  may  l»e  exjieotod  to 
develop  gradually  on  the  linos  whi<"h  have  now  lic<'n  ostahlLnhod.  In 
its  mining  history  of  nearly  .V)  yearx  its  gulches  ami  mountain-sides  haw 
lieon  oaivfully  an«l  skilftilly  pros|iecte«l.  more  so  than  any  other  of  the 
States  to  the  west  (»f  the  H(»cky  Mountaifvs.  an<l  the  chances  for  new 
di.sooveries  att»  therefore  much  smaller  than  in  those  States  which  Uskvc 
more  uftdexTlope*!  territory. 
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IDAHO   AND   MONTANA 

Idaho.  —  As  in  Nevada,  the  first  mininn;  in  Idaho  was  for  free-milling 
gold  and  silver  ores.  The  existence  of  silver-lead  ores  in  comparatively 
small  quantities  was  probably  early  known,  but  there  was  evidently 
nothing  discovered  that  it  was  considered  worth  while  to  work  until 
the  development  in  1871  of  the  South  Mountain  district,  25  miles  due 
south  of  Silver  City,  where  promising  veins  of  ferruginous  lead  carbonate 
and  sulphide  ore  were  found  to  exist.  A  furnace  to  smelt  these  ores  was 
erected  in  1872,  but  the  const  uction  was  so  faulty  that  the  attempt  at 
smelting  was  an  utter  failure.  There  appears  to  have  been  an  earlier 
attempt  to  smelt  the  ores  from  some  galena  veins  at  Pioneer,  in  Boise 
County,  but  no  good  records  as  to  this  are  to  be  found,  and  the  effort 
was  certainly  no  serious  one.  In  1874  the  ownership  of  all  the  mines 
of  the  South  Mountain  district  was  acquired  by  the  South  Mountain 
Ct)asolidated  Mining  Co.,  which  erected  a  large  shaft  furnace  and  made 
one  or  two  short  campaigns,  operations  being  interrupted  by  insufficiency 
of  charcoal.  The  management  of  this  enterprise  was  faulty,  or  the  mines 
were  less  good  than  was  thought,  since  in  1875  the  company  failed  and 
all  operations  in  the  district  came  to  a  standstill. 

The  first  efforts  of  consequence  in  lead  mining  in  Idaho  were  made 
in  the  Wood  River  district,  where  operations  were  stimulated  by  the  ex- 
ceptional richness  of  the  ore,  which  was  a  galena  averaging  55%  in  lead 
and  about  100  oz,  per  ton  in  silver.  Veins  of  silver-bearing  galena  wei'e 
known  to  exist  in  this  district  as  early  as  1873,  and  in  1874  the  Callahan 
brothers  located  some  in  the  lower  valley  and  developed  them  to  a  small 
extent,  but  the  Bannock  Indians  interfered  with  operations.  Various 
prospecting  parties  went  into  the  district  in  1876  and  1877,  but  did  little 
more  than  the  staking  out  of  claims.  The  Nez  Perce  and  Bannock 
wars,  from  1877  to  1879,  put  a  stop  to  all  prospecting  and  mining  in 
the  district. 

In  the  fall  of  1879  a  party  of  prospectors  returning  from  the  Salmon 
River  Valley  discovered  numerous  veins  at  the  head  of  Wood  River, 
in  the  vicinity  of  the  present  town  of  Galena,  Imt  it  was  too  late  in  the 
season  to  begin  mining.  The  report  of  the  discovery  spread  and  early 
in   1880  hundreds  of  miners  rushed  into  the  district,  and  soon  located 
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the  principal  lodf.s.  Iti  ISNI  Xhv  output  of  tl»p  di.'^trirt  wils  prohaMy 
uIkiuI  L*(HH)  tons.  I'urnarrs  wvw  vn'tial  l»y  the*  NVimmI  Hivrr  Srncltiii^ 
ViK,  near  Hailey,  those  liein^  tho  first  in  the  (ILstrict,  nii«l  also  at  Ketrhuni 
uii<l  (laU'iia.  Ill  snM'ltinK  the*  average  ore  of  the  tUstrirt  thrn*  wjis  n*- 
quirt'd  (xr  t«»ii  <if  on*  alMiut  O.ti  t4»ii  of  inui  flux,  0.2  ton  of  hiiie>tone.  and 
42  hushels  of  charcoal.  The  in>n  ore  eosliii^  $<)  per  t«fn.  the  limestone 
$4  |K'r  ton.  and  tin*  charcoal  II  c.  |»ir  l)U>lu'l.  the  cost  of  Miu-ltinn  in  a 
plant  of  10  tons  daily  capacity  wiis  (>stiiiiated  at  $1  !.'>.'{  ])or  ton,  .•dthouf^h 
the  actual  figures  were  prohahly  somewhat  higher.  However,  the  dw- 
tri«*t  w:is  favorahly  situate«l,  having  water  for  jxtwor  and  ample  timi)er 
for  making  chanoal. 

Ill  lNS2  there  was  great  activity  in  the  Wood  River  district  and 
nuiiicniiis  smelters  won>  ert'cled.  l)Ut  that  a  Ketihiim  was  the  only  <»ne 
which  develoj»ed  into  an  iiii|»ortaiit  Imsiness.  This  furiiishe<l  a  market 
for  alniut  «»ne  fourth  of  the  ore  pnnliiced  in  the  (ILstrict,  the  remainder 
lx>ing  s«»ld  to  outside  siiM'lt«*rs.  The  proTluctioii  of  the  Wond  Hiv(*r  mines 
attained  its  maximum  in  issti,  when  tlu*  output  wjis  estimated  to  contain 
aljout  SO(X)  tons  of  lead.  After  that  it  declined  along  with  the  decline 
in  the  value  of  silver,  which  afTected  these  mines  very  .'■erioiisly  l)ecaiise 
of  the  high  pro|«»rtion  of  the  silver  value  in  their  ores,  and  finally  the 
panic  and  great  drop  in  price  in  ls;»:i  practically  brought  ojieratioas 
t4)  a  standstill,  fnim  which  tlu*re  w:ls  no  material  reviv;il  until  \\t^)l^. 

(\»ntem|»orane<nisly  with  the  devel<»pmeiit  of  the  Wood  River  ilistrict 
there  w:u'<  a  pn>.secution  of  lead  mining  and  smelting  in  Custer  (Viunty, 
ewjiecially  at  Hay  Horse,  hut  while  those  mines  l)ecanie  continuously 
productive,  their  output  never  attained  great  significance. 

In  ISS.'!  the  Viola  mine,  at  Nicholia,  in  licmlii  County,  85  miles  ojist 
of  .*>Nalmon  City.  I>eg:in  to  \tv  pnxluctive.  :iiid  from  1KS4  U*  \SS\}  it  swelled 
the  lea«l  output  of  Ididio  very  largely.  This  fanums  mine  w:is  ofiened 
on  a  wide  vein  of  oarlMinate  and  sulphide  ore,  njvsnying  from  40  t<»  70'','. 
Iea<l  and  .'M)  to  70  oz.  silver  |»er  ton.  I>iit  the  life  of  the  mine  w.ns  short. 
At  first  its  (Hit put  w:ls  ship|)ed  outsitle  the  State  for  smelting.  In  ISS4 
the  nhipment.s  to  Denver,  Omahn,  and  Kansius  City  amounted  tn  nlmiit 
2."»00  tons  |K«r  month.  Other  lead-pntducing  <listricts  were  o|)ened  in 
I^mhi  C<»iinty  alxnit  the  same  time.  inclu«ling  the  Texjis  district.  G.'> 
milc«  ca«t  of  Salmon  City,  and  the  Spring  .M(»untnin  <Ii>trirt.  75  miles 
e.-ist  of  Salmon  City.  lK)tli  of  which  had  rich  lead  cjirlM»nate  and  sulphide 
on*s,  Itut  neither  ever  devel«>|ie<l  anything  like  the  \iola  iNinan/^ts. 

Ill  1S.S3  the  (Vpur  d'Alene  distriet  of  northern  Idaho  liegan  to  nttmrt 
attention  U*c;iuse  of  the  discovery  of  gold  placers,  and  in  that  year  and 
the  year  following  there  wa.s  u  migration  of  pn>s|>eetors  thither.  The 
pl.nrers  di<l  not  prove  to  be  of  f^reat  value,  hut  the  nequaintanre  with 
the  district  which  they  inangiirateil  led  to  the  tILseovery  of  many  veiro* 
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of  silver-lead  ore  and  in  tlie  course  of  time  those  veins  became  the  most 
important  source  of  lead  in  North  America,  a  position  which  they  still 

held. 

The  mines  at  Wardner,  on  the  South  Fork  of  the  Cocur  d'Alene  River, 
were  discovered  and  developed  in  1886.  The  mines  were  early  appre- 
ciated to  be  of  importance,  a  branch  line  from  the  Northern  Pacific  railway 
being  built  into  the  district  almost  immediately.  In  the  "Produc- 
tion of  Ciold  and  Silver  in  the  United  States"  for  1886,  it  was  remarked: 
"  This  district  promises  to  be  one  of  the  largest  producers  of  lead  bullion 
in  the  United  States."  The  ores  were  of  low  grade  from  the  outset, 
requiring  concentration.  A  concentrating  mill  was  erected  at  Wardner 
in  1886,  antl  during  that  year  an  output  of  about  2300  tons  of  ore  was 
reported.  This  ore  was  shipped  outside  the  State  for  smelting,  going 
largely  to  Montana.  There  was  never  any  serious  attempt  to  establish 
a  local  smelting  industry  in  the  Coeur  d'Alene,  in  which  respect  its  history 
differs  greatly  from  the  history  of  the  earlier  lead  districts  of  the  United 
States.  It  did  not  become  productive,  however,  until  after  the  custom 
smelting  industry  at  central  points  had  been  well  established,  and  the 
advantage  of  smelting  in  that  way  over  smelting  locally,  except  under 
unusually  favorable  conditions,  was  well  recognized.  The  discovery  and 
development  of  the  Ca?ur  d'Alene  may  indeed  be  considered  to  mark 
the  termination  of  the  epoch  of  discovery  in  the  silver-lead  industry  of 
the  Rocky  Mountains.  Since  its  date  there  have  been  no  new  discover- 
ies of  note,  save  Creede,  Colo.,  and  that  was  relatively  of  no  great  impor- 
tance. 

The  development  of  the  Cocur  d'Alene  district  was  rapid.  In  1891 
there  were  40  developed  mines,  of  which  26  were  classed  as  producers.^ 
There  were  13  dressing  works  in  operation,  with  an  aggregate  capacity 
of  2000  tons  of  ore  per  day.  The  largest  works  were  those  of  the  Bunker 
Hill  &  Sullivan  company,  which  dressed  450  tons  of  ore  per  day,  but  in 
1892  an  addition  to  the  mill  was  completed,  giving  a  total  capacity  of  750 
tons.  At  that  time  the  concentrate  produced  in  the  Cceur  d'Alene  aver- 
aged 60%  lead  and  30  oz.  silver  per  ton,  about  eight  tons  of  ore  being 
reduced  to  one  ton  of  concentrate.^  The  cost  of  dressing  was  44  c.  per  ton 
at  the  Bunker  Hill  &  Sullivan  mill;  45.6  c.  at  the  Helena  &  Frisco.  The 
cost  of  mining  at  the  Bunker  Hill  &  Sullivan  was  $4.10  per  ton;  at  the 
Helena  &  Frisco,  $2.45.^  About  75%  of  the  mineral  of  the  crude  ore 
was  saved  in  the  concentrates.  The  concentrates  were  shipped  princi- 
pally to  Denver  and  Omaha.  The  freight  rate  to  the  principal  smelting 
points,  according  to  the  schedule  of  March  20,  1892,  was  as  follows: 

»  Production  of  Gold  and  Silver  in  the  United  States,  1891,  p.  193. 

2  The  Mineral  Industry,  II,  Sg.^. 

^Engineering  and  Mining  Journal,  March  18,   1893. 
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The  charju's  fi»r  .smelting;  ranfjotl  fr(»rn  S'J  to  SlJ  jxr  Ion.  In  Manli, 
IS'Jl,  the  total  ctKst  of  freight  and  snu'ItinR  to  the  Hunker  Hill  A*  Sullivan 
t'o.  \va.«<  $'2S  |>cr  ton:  in  Manli.  IS«>2,  it  was  $2.')..'»<).  A  rednrtion  in  frei^jht 
rates  w:i.s  niade  in  Se|)ten>l)er,  1S'J.'{,  l)Ut  smelting  charges  were  increiLsod, 
8<>  there  \\i\s  no  net  saving.  At  that  time  there  \va.s  no  great  pnifit  in 
the  o|)eration  of  the.<e  mines.  The  prices  for  >ilvcr  ami  li'a<l  were  low, 
the  wages  f«)r  lalH)r  were  high,  and  the  men  were  tiirhulent,  while  linan- 
eial  eonditions  had  l)eon  U|)set  hy  the  silver  panic.  The  pn»<hjrtic»n  of 
leatl  in  the  «listri<t,  which  had  jinnix-d  from  \'AH)  tons  in  lvs«i  to  :u.()0() 
tons  in  isin,  declined  in  1M»'J  ami  IMKi.  Il  was  not  until  isiMi  that  the 
output  in  IS'JI  wjis  surpasseil,  and  not  until  IIKX)  that  it  lx>gan  to  go 
upward  by  leajis  and  lM)unds. 

The  great  drawbacks  in  the  ('<iur  d'Alcnc  up  to  IS'KJ  were  the  high 
wages  exacted  by  the  miners,  who  had  early  lx»en  unionize<l;  lalxir  difTi- 
culties;  and  the  high  freight  rates  charged  by  the  railways  «)n  ore  shi|>- 
ments.  I'ntil  the  spring  of  \S{)'2  miners  were  paid  $.'J.'>0  jier  day,  and 
tnimmers,  shovelers,  ami  surface-men  received  the  same  amount.  A 
reduction  to  $.'i  |X'r  <lay  w;ls  then  made  in  the  wages  of  all  but  the  miners. 
A  general  strike  followed,  which  w:is  accompanie<l  by  many  acts  of  law- 
lessness by  the  men.  The  striking  miners  eventually  returne<l  to  work 
on  the  terms  ofTere«l  l)y  the  companies.  The  steady  «lecline  in  the  prices 
fi»r  silver  and  lead,  however.  reduce<l  the  profits  of  the  mines  very  nuich, 
and  when  finally  silver  fell  to  70  c.  it  l»eCan>e  im|n».s.xible  to  o|N>rate  them 
longer  under  the  then  existing  conditions.  Kvery  mine  in  the  •listrict 
w:u*  cIos<mI.  while  an  offer  wjis  made  to  the  men  t<»  re«»|>en  if  a  $J..'»()  i>er 
•  lay  wage  rate  w<»uli|  I*  acceptetl;  this  the  nien  did  not  agree  to.  When 
the  prices  for  silver  and  lead  n»so  to  74  c.  per  ur..  an«l  .'t.M)  c  per  lb.,  re- 
spectively. w«)rk  was  resumed  in  unmc  of  the  mines  at  the  <»M  rato  of 
w:igi»s  ($.'{.'}()  f>er  day).' 

From  lS«rj  to  IMJti  there  w:is  a  continuance  «d  lalx»r  Inmbles  in  the 
CoMjr  il'Alene.  which  greatly  retanletl  the  development  of  the  •ll-'trict. 
In  IS'.KJ  the  pn>duction  »>f  lead  w:is  only  'jO.tMK)  tons  —  less  than  double 
the  «»utptit  in  \s\H).  In  IS'H)  occurnMl  the  thini  great  strike  of  the  miiMTs. 
and  thU  tifne  they  were  cj>mpletely  defeatecl.  ami  the  mines  werv  reopcne*! 
on  u  non-unit>n  basis.  Aliout  the  same  time  the  price  for  lead  rtisc  to  a 
•Tlio  .Mineral  Iiitluitlry.  II.  .190. 
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high  figure,  and  tliis,  together  with  the  new  IVeedoin  I'lom  the  yoke  of 
union  hihor,  gave  a  great  impetus  to  mining  in  the  chstrict.  Its  pro- 
duetion  jumpetl  to  Sl.o.So  tons  of  leatl  in  !!)()(). 

It  is  extremely  (hnicult  to  analyze  the  industrial  conditions  which 
have  governed  the  production  of  lead  in  the  Cteur  d'Alcne,  chielly  because 
so  large  a  part  of  the  value  of  its  ore  is  in  silver.  Consecjuently  the  oper- 
atit)ns  are  atTected  not  only  l)y  the  price  for  lead,  but  also  by  the  price 
for  silver.  When  both  silver  and  lead  are  high  the  profits  are,  of  course, 
iiigh;  similar!}'  they  are  small  when  both  metals  are  low;  but,  in  between, 
a  low  price  for  silver  may  be  offset  by  a  high  price  for  lead,  and  vice-versa. 

There  has  been  a  decided  reduction  in  the  cost  of  jiroduction  since 
1891.  Whereas  at  that  time  the  average  extraction  of  mineral  from  the 
crutle  ore  was  about  75%,  at  present  it  is  jierhaps  as  high  as  80%.  On 
the  other  hand,  the  cost  of  mining  and  milling  has  decreased.  Whereas 
the  cost  of  mining  to  the  Helena  &  Frisco  company  in  1891  was  $2.45  per 
ton,  in  1902  the  cost  to  the  Bunker  Hill  &  Sullivan  was  S2.09,  and  in  1903 
only  SI. 75.  According  to  Finlay  the  cost  of  mining  and  milling  through- 
out the  district  in  1902  was  $2.50  to  $3.50  per  ton.^  Yet  the  wages  for 
labor  have  not  been  materially  decreased.  Miners  still  receive  (1907) 
$3.50  per  eight  hours,  the  same  as  in  1891,  while  muckers  are  paid  $3, 
against  $3.50  in  1891.  However,  the  mine  o})erators  have  gained  the 
advantages  of  increased  efficiency,  elimination  of  strike  expenses  and  the 
other  benefits  w'hich  result  from  release  from  the  tyranny  of  an  evil  labor 
union.  After  the  long  I'ecord  of  lawlessness,  labor  conditions  in  1904 
were  probably  better  than  in  any  other  mining  district  of  the  West. 
"Nearly  80%  of  all  the  men  employed  are  native-born  Americans."^ 
Cheaj^er  power  had  been  seciu'ed  by  electric  transmission  from  Spokane 
Falls,  in  Washington.  Imi)roved  mining  machinery,  especially  elec- 
trical, had  been  introduced.  The  lodes  opened  to  great  depth  have  been 
found  to  show  as  rich  ore  in  the'lowest  levels  as  in  any  of  the  u])j)er  ones. 
In  September,  1902,  an  important  reduction  in  smelting  and  freight 
charges  was  made,  an  agreement  having  been  entered  into  by  the  miners, 
railway  companies,  and  the  American  Smelting  and  Refining  Co.,  whereby 
the  freight  rates  were  reduced  $2.50  to  $3  per  ton  and  the  smelting  com- 
pany agreed  to  take  12,000  tons  of  concentrated  ore  per  month. 

In  this  account  of  the  progress  of  mining  in  the  Coeur  d'Alene,  atten- 
tion has  been  confined  heretofore  to  certain  of  the  broad  features  of  the 
industrial  development  of  the  district,  the  details  of  its  history  having 
been  so  adequately  summarized  by  Mr.  F.  L.  Ransome  ^  that  it  is  suffi- 

'  Trans.  Am.  Inst.  Min.  Eng.,  XXXIII,  250. 
2  Stanley  A.  Easton,  The  Mineral  Industry,  XIII,  2G6. 

2  "Ore  Deposits  of  the  Cceur  d'Alene  district,  Idaho,"  in  Contributions  to  Economic 
Geology  (Bulletin  No.  260,  U.  S.  Geological  Survey),  1904,  pp.  285-289. 
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cicnt  to  quote  in  full  liLs  chuptor  on  this  sul>ject,  whirli  w  done  in  the  fol- 
Idwiim  par.'iKruplis: 

'i  lie  story  of  the  ii|ieninK  of  thr  ('o-ur  tlAUm-  n-jcion  to  mining  enter- 
prise goes  Imek  to  th(>  year  1S42,  when  :i  niksion  won  eMtahlLsheil  l>y  the 
Jesuit.s  in  tlu*  iK-autifiil  xalU-y  of  the  St.  JoM-ph  River,  a  navi^ahlr  Mtrfani 
which  emptier  into  the  hcail  of  Cu'ur  d'Alene  I^ike  alxtut  five  niili-x  waith 
<»f  the  enilMiuchurc  of  the  (Veur  tl'Alfne  River.  In  1S4G,  however,  the 
mission  wjus  uioveil  to  its  pn'sent  site  on  the  latter  stream.  alM>ut  2"> 
nules  from  the  lake,  and  for  many  years  I'ather  J.  Joset  and  the  mission- 
aril's  :i.ssiMMate«l  with  him  wore  the  only  white  inhaliitant.s  in  this  whole 
region.  The  Cieur  d'-Mrnr  Indians,  aUiut  'MH)  in  numlier,  lived  rhiefly 
in  the  virinity  of  the  mLs.sion. 

Ill  IS,">4  Lieut.  John  .Miillan.  acting  under  iitstnirtions  fn»m  the  War 
Department,  U'gan  explorati«»ns  f«tr  a  wagon  road  over  the  ('«rur  (I'.Mene 
MountaiiLs  to  (tmnect  Fort  Ik^nton  with  Tort  Walla  Walla.  The.se  prpi>- 
aratioiLS  aniused  the  luKstility  of  the  Indians,  who,  after  ilefeating  a  small 
f<»n*e  of  regular  tnM»|is.  wore  suhjugat*'*!  in  IS.">S.  In  the  following  year 
Work  on  the  pro|)o.setl  n>a«l  wjus  U-gun  uniler  a  ('ongr«',>vsional  appropria- 
tion, ami  the  tjisk  .seems  to  have  iK'en  finished  in  lS(il.'  The  new  n»a«l 
en».s.sod  fn>n)  the  mouth  of  the  St.  .Io.so|)h  River  to  tin*  mi.ssion  <»n  the 
Cceur  dWlene  River.  Thence  it  foUoweil  the  main  stream  and  Stuth 
Fork  to  a  |>«»int  alniut  three  miles  e:ist  of  the  present  town  <»f  Mullan. 
Here  it  turned  .south,  rn».s.sod  the  divide  through  the  S<»h<tn,  (»r  St  Regis 
I'juss,  and  contintted  down  the  St.  Regis  »le  li<trgia  River,  following  the 
route  later  taken  by  the  railmad  t<»  .Mi.s.soiiIa. 

Roughly  constructe«I  i\s  it  w:is,  this  road,  now  familiarly  known  as 
the  "Old  .Mullan  Road."  w:is  for  many  years  the  «»nly  line  of  travel  into 
the  rrgion  to  wh(».se  early  development  it  sul»stantially  contriltuted.  It 
traverse<l  what  afterward  pntvi'd  to  |je  the  most  |»roductive  part  of  the 
<llstrict.  hut  the  discovery  of  the  lead-silver  dc|M.>its  w:i<  r,-.  -.l  t'.r  a 
later  date. 

The  first  pn»spr'cting  in  the  rrgion  apju-ars  to  have  U-<-ti  hy  1  homas 
Irwin,  who  in  I.sTS  located  a  (piart/.  claim  near  the  .Mullan  n»ad.  a|)|>ar- 
cntly  on  KIk  (*nvk.  In  the  summer  <»f  1H79  a  party,  including  .\.  J. 
I'richanI,  moving  northward  fn»m  the  .Mull.m  n»ad  over  the  Fvolution 
trail.  dls4-overed  Frichard  C'lrek.  In  ISSJ  (Irllett.  ant»ther  memlier  of 
the  party,  found  placer  gold  and  li»rated  a  claim  on  FrictianI  Crrek. 
The  first  (|Uart/  claim  on  I'richanI  Cnvk  w:is  the  Faymjistor.  near  I.ittle- 
ficld.  located  l»y  Fatrick  Flynn  on  Sept.  21.  Ivct. 

The  dlseowries  of  FrichanI  and  (iellett  were  followe<l  l>v  n  nish  of 
pn»s|iectors  t4i  the  North   Fork  early  in    ISS4,  and  in  May   I'ltiglc  City, 

•Capl.  J«»hn  MiillAti.  V.  S    .\niiy.  Hr|-  ^iniclicm  tit  n  Military  Ruenl 

frtmi  Fort  XW-ULi  Walb  lo  Ki>rt  Ibntint.  \N  . 
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at  the  junction  of  Eagle  and  Prichartl  creeks,  had  become  a  bustling 
town  connected  by  trail  and  telegraph  with  Belknap,  32  miles  away, 
on  the  Northern  Pacific  Railway.  It  was  soon  found,  however,  that  the 
richest  placers  lay  higher  up  Prichard  Creek,  particularly  in  Dream, 
Buckskin,  and  Alder  gulches,  and  the  center  of  population  soon  shifted 
to  the  new  town  of  Murray. 

Although  the  chief  excitement  at  this  time  centered  in  the  rich  gold 
placers  near  Murray,  the  lead-silver  veins  of  the  South  Fork  were  begin- 
ning to  attract  attention.  In  1884  Col.  N.  R.  Wallace  had  a  cabin  and 
store  in  the  dense  grove  of  cedars  that  covered  the  future  site  of  the  town 
now  bearing  his  name.  His  settlement  was  then  known  as  Placer  Center. 
At  the  same  time  W.  B.  Heyburn  began  work  on  the  Polaris  mine,  in 
Polaris  Gulch.  The  Tiger  claim,  on  Canyon  Creek,  was  also  located  in 
1884  by  John  Carton  and  Almeda  Seymour,  who  bonded  it  to  John  M. 
Burke.  In  1885  the  Tiger  mine,  in  spite  of  its  comparatively  inaccessible 
position,  had  been  opened  by  three  tunnels,  and  had  about  oOOO  toas 
of  lead-silver  ore  on  the  dump.  Other  mines  located  in  1884  Avere  the 
Gold  Hunter,  ]\Iorning,  and  You  Like,  near  Mullan,  and  the  Black  Bear, 
San  Francisco,  and  Gem  of  the  Mountains  (now  comprised  in  the  Helena- 
Frisco  mine),  near  Gem. 

In  1885  Murray,  with  a  population  of  about  1500,  became  the  per- 
manent seat  of  Shoshone  County.  In  spite  of  the  promising  character 
of  the  lead-silver  deposits  on  the  South  Fork,  the  gold  placers  on  Prichard 
and  Beaver  creeks  were  still  the  center  of  attraction,  and  considerable 
work  was  lacing  done  on  the  auriferous  quartz  veins  between  Murray 
and  Littlefield. 

Communication  with  the  mines  on  the  South  Fork  was  at  this  time 
difficult.  Small  steamers  plying  across  the  lake  ascended  the  Coeur 
d'Alene  River  to  the  Mission,  where  passengers  and  freight  were  trans- 
ferred to  wagons  or  horses  and  carried  over  the  rough  Mullan  road.  Mur- 
ray was  connected  by  an  equally  poor  road  with  Thompson  Falls,  on 
the  Northern  Pacific  Railway,  by  a  road  (\o\vn  the  North  Fork  with  the 
Mission,  and  by  a  road  with  Delta.  Practically  the  only  route  from  the 
county  seat  to  the  South  Fork  was  by  way  of  the  Evolution  trail.  Evolu- 
tion being  a  little  settlement  about  two  miles  west  of  Osburn's  ranch,  then 
a  well-known  stopping  point  for  travelers.  It  was  impossible  to  mine 
and  ship  lead  ores  until  better  facilities  for  transportation  were  obtained. 

The  discovery  of  the  Bunker  Hill  mine  by  Phil  O'Rourke  and  N.  S. 
Kellogg  in  1885,  of  the  Sullivan  mine  by  Con  Sullivan  and  Jacob  Goetz, 
and  the  evident  existence  of  large  bodies  of  rich  ore  in  the  Tiger,  Poor- 
man,  Granite,  San  Francisco,  Morning,  and  other  mines,  removed  all 
doubts  of  the  future  importance  of  the  South  Fork  mines.  The  opening 
of  the  year  1886  was  marked  by  a  decided  rush  from  the  outside  and  from 
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ihc  Nvai»in«  phirrrs  of  Murniy  iMt«»  thix  m-w  (u-lil,  (lartiriiltirly  (n  the 
dettloiiK'nt.t  uf  Milo  ami  Kontticky,  n<>w  |mrtM  of  Waniiier  ami  Kellogj;. 
Triwtvkly  .staffs  ran  fntin  Minion  to  WanliuT.  ami  a  ntugc  n)ud  waM 
built  comitMtinn  IH-Ita  with  thf  Snith  lork. 

Ill  I.SSU  ore  from  the  Hunker  Hill  &  Sullivan  iniiifM  wilh  hauled  l>y 
wagons  to  Mi»i<>n,  rarricd  l>y  Iniat  (o  the  outlet  of  the  lake,  ami  themf 
8hi|>|ie«|  to  Ih'lena.  Mout.  The  ore  fnun  l^u'^t  Chanre.  Tyler,  and  Sierra 
Ncvatia  mines  was  Ireatctl  in  a  new  smelter  at  Milo.  Tlii«  curly  attempt 
at  lo«*al  smellinj;  was  soon  ahandonrd. 

In  the  f«»llowinn  year  a  narmw-^au^c  railnnul  w:ls  rompleted  l»y  the 
(\eur  d'Alene  Railway  and  Navigation  Co.  from  Mission  to  Wanlncr 
JiiiK'tion.  at  the  mouth  of  Milo  Creek.  Wardner  luul  now  lK'r«une  a  town 
of  l.j(K)  |)eople,  while  the  |Mipulation  of  Murray-  had  fallen  to  alN>ut  KMN). 
There  were  uUiut  .5(KJ  inhai>itant.s  at  Wallare,  and  Burke  and  Mullan 
were  pn»winK  settlements.  I'n)l>al>ly  KHI.CHM)  tons  <if  «ire  were  pih-d  on 
the  dumjis  <»f  the  Canyon  Creek  mines  awaiting  means  of  traiL><|Mtrtation. 
The  Oregon  Railway  and  Navigati«in  Co.  and  the  Northern  I'aeifu'  Railway 
were  Ixith  striving  at  this  time  to  sectire  entrame  to  the  district. 

In  .\pril.  1S.S7.  the  Hunker  Hill  iV:  Sullivan  mines  were  .M>ld  to 
S.  (i.  Reed,  and  in  .August  the  Hunker  Hill  d*  Sullivan  Mining  and 
Conrentrating  Co.  was  organized,  with  a  capital  of  $.{.<KH).(KK).  The  HcMir- 
man.  (Jranite.  and  .Morning  mines  were  al.so  s(»ld  at  alM»ut  this  tinie.  The 
completion  of  the  narrow-gauge  railroad  to  Hurkc  in  this  year  cnaMcd 
the  Canyon  Creek  mines  to  .*ihip  their  (»re\  I'rohaMy  «»ver  '>().<HK»  tons 
of  Iea«l-silver  ore  w:us  mine»l  in  INS",  the  primipal  pnxluccrs  U-ing  the 
Tiger,  Hunker  Hill  <fc  Sullivan.  Tyler  ami  Stemwimlcr.  I^ist  Chance. 
Sierra  Nevada.  I'oorman.  and  (Iranite.  The  .Mammoth  and  Stan<lanl 
veins  were  as  yet  men-ly  good  pn»s|iects. 

In  IXS.S  placer  mining  near  .Murray  and  l>elta  ha<l  greatly  declined. 
A  pi|>e  line  was  con>tru«ted  fn»m  Raven  in  IMH)  to  hydraulic,  the  U'nch 
gravels  of  the  .Ho-<alled  Old  W:ish,  near  .Murray,  and  .vome  hydraulic 
mining  Is  still  occasionally  carried  on  in  Dream  (Itilch.  ,\  hy<lraulic 
elevator  w:is  «i|ier.ated  for  .xomr  time  in  the  l»ed  of  I'richard  Cntk  aUjut 
a  mile  l>el«»w  .Murray,  and  smuc  dnMlgr.s  were  working  near  I  Vita  in  l'.M)l; 
hut  the  scene  «»f  activity  had  definitely  shifted  l»y  the  year  iSVs  to  the 
lcad-««ilver  mines  of  the  .'^nith  Fork. 

The  principal  evcfjts  in  IS'.M)  were  the  completion  into  the  district 
<»f  the  track.s  of  the  Northern  Pacific  Railway  and  Oregon  Railway  and 
Navigation  Co.,  the  partial  destniction  l»y  fire  <d  W.illacr  and  Wanlncr. 
ami  the  first  shipment  of  rich  ore  fn>m  the  .Mammoth  mine.  The  old 
narn»w-gaugc  line  wjw  alis4irl>e<l  l>y  the  Oregon  Railway  ami  Navigation 
C<».,  and  its  tracks  were  replaced  by  tlu»M»  of  "tandanl  c:»uce.  ^' 
the  Ian""-  0.;..,^,  were  by  thw  tinjc  e«niip|"d  "i'h  concentrating  m... 
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At  the  bcginniiifi  of  1S92  most  of  the  South  Fork  mines  stoppetl  work, 
ostensi])ly  to  secure  better  freifjht  rates.  Wages  at  this  time  were  S3. 50 
a  day.  In  tlie  following  April  a  reduction  was  made  in  wages,  followed 
by  a  strike  of  the  union  men.  The  Frisco,  Gem,  and  Bunker  Hill  & 
Sullivan  mines  attem])ted  to  resume  work  with  non-union  men,  and  in 
July  were  attacked  by  armed  strikers.  Troops  were  called  into  the  dis- 
trict and  for  a  time  order  was  partly  restored.  In  July,  1894,  a  second 
attack  was  made  upon  the  Gem  mine,  and  in  December,  the  Bunker  Hill 
&  Sullivan  mine  closed,  rather  than  accede  to  union  demands.  In 
June,  1895,  it  resumed  partial  o}X!rations,  paying  S3  a  day  to  miners. 
The  Tiger  and  Poorman  mines  consolitlatcd  in  this  year. 

In  May,  1898,  the  Empire  State  Mining  and  Development  Co.  was 
organized  to  control  the  Last  Chance  mine  and  to  acquire  additional 
territory  west  of  Milo  Gulch.  This  was  the  beginning  of  the  process 
of  consolidation  that  afterward  resulted  in  the  formation  of  the  Federal 
Mining  and  Smelting  Co.  The  county  seat  was  this  year  moved  from 
Murray  to  Wallace,  now  the  largest  town  in  the  district. 

The  opening  of  the  year  1899  found  the  miners'  unions  still  deter- 
mined to  enforce  their  demands  upon  the  mine  owners,  and  in  a  par- 
ticularly bitter  mood  against  the  Bunker  Hill  &  Sullivan  company,  which 
maintained  its  right  to  employ  non-union  labor.  On  April  29  a  force  of 
several  hundred  men  attacked  the  buildings  of  the  company  at  Kellogg. 
The  office  of  the  mine  was  rifled  and  both  office  and  mill  were  totally 
destroyed  by  dynamite. 

After  this  episode,  500  regular  troops  were  sent  into  the  district  and 
martial  law  was  proclaimed.  The  mines  were  closed  until  June,  when 
the  Standard  mine  reopened  with  men  brought  from  ^Missouri.  The 
other  mines  resumed  work  one  by  one  as  they  secured  non-union  miners. 
From  that  time  to  the  present  no  man  has  been  able  to  secure  employ- 
ment in  the  larger  mines  (with  one  exception)  save  through  the  employ- 
ment bureau  maintained  by  the  principal  mine  owners. 

In  1901  the  Tiger-Poorman  mine,  previously  acquired  by  the  Buffalo 
Hump  Mining  Co.,  was  consolidated  with  the  holdings  of  the  Empire 
State  com.pany,  and  in  September,  1903,  the  Empire  State,  Standard,  and 
Mammoth  properties  were  all  corLsolidated  under  the  Federal  Mining 
and  Smelting  Co.  Other  notable  events  of  the  past  few  years  were  the 
discovery  in  1901  of  the  rich  ore-body  of  the  Hercules  mine,  which  has 
produced  ore  of  a  gross  value  of  about  $2,000,000  in  less  than  three  years, 
and  the  development  of  the  Snowstorm  mine  in  1903.  This  is  the  only 
mine  in  the  district  that  ships  copper  ore. 

Montana.  —  The  occurrence  of  lead  ore  in  Montana  was  observed 
by  many  of  the  early  explorers  and  travelers  to  Oregon.  Xo  great  atten- 
tion  was   bestowed   on    it,   however,   because   of   the    impossibility    of 
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iniiiiiig  such  ore  at  a  profit  uii<it'r  tlit!  then  roiiiliii"i>-.  1 
iiunin^  wius  done  in  the  Anjenta  distrirt,  on  l<attU*>nuke  Creek,  north 
of  Hannork,  wiu're  veiiu*  of  ^«ihrious  h'jul  and  in»n  ore,  oxiihzod  near  the 
.surface,  wen*  fojind  in  ron-sidenihle  niiinlH>r.  'I'he  St.  I>»ul*i  A:  .Montana 
.Mining  Co.  erertetl  u  .smelting  phint  at  ArRcnta  in  lS(i,'>,  and  it  in  stated 
in  .Mineral  Ke.sourres  West  of  the  I<o<'ky  .Monntaiits  for  IS<)7  that  fmrn 
the  nietalhir^ical  jxiint  of  view  its  oiieration.H  were  eminently  Mieces-sfnl. 
Thb*  was  the  first  lead-smelting  plant  in  any  <»f  the  States  and  Territories 
west  «»f  the  Kocky  .MotintaiiL**.  antedating  that  at  Oreana,  .\ev.  A  Hccond 
plant  wjis  l)iiilt  at  Argj-nta  in  istki,  and  a  third  an<l  fourth  in  1S07.  Tlies<" 
plants  consisted  of  (»ne  furnace  each,  except  that  of  the  St.  Ixuis  A  Mon- 
tana Mining  C<i.,  and  cost  alM)Ut  $S(KK),  the  furnaces  having  capacity 
for  smelting  six  tons  of  ore  fx'r  21  hour>:.  Oi^rations  couhl  never  have 
l)cen  very  successful,  since  in  IS7()  only  one  Hirnacc  was  running  at 
.\rgenta.  This  failur(»  was  due  partly  to  im|K»verb<hment  of  the  veiiw  il** 
<lepth  was  gained,  partly  to  the  disadvantages  of  Argenta  as  a  smelting 
[loint  with  resjx^ct  to  f>iel.  fhixes,  and  refractory  material,  and  partiv 
to  the  high  cost  of  trans|)ortati<Mi.  The  bullion  wj»s  shipjvd  to  Corinne. 
Itah.  where  it  fetched  .i.")  c.  i)er  Ih.  for  its  lead  content,  the  cost  of  trart^- 
portation  to  Corinne  U'ing  1  c.  per  11).  at  the  lowest. 

In  l.HOS  there  were  four  small  smelting  plants  at  Argenta,  one  at 
Hanrjock.  one  at  JefTerson  City,  and  one  near  Virginia  City.  It  d<tcs 
not  appear  that  any  of  them  wjis  oix»ratod  at  a  pndit.  Vnt(.  A.  K.  Rnton. 
writing  in  .Mineral  Resources  West  of  the  Rocky  Mountaias  for  iStVs. 
expres-sod  the  opinion  that  what  wjis  required  to  make  smelting  pn>fit- 
ahle  in  .Montana  wjus:  (1)  a  .separation  of  mine  and  furnace  ownership, 
(2)  n  market  for  the  lea<l,  (3)  cheap  lal)or,  and  (I)  the  di.scovcry  of  n  coal 
capable  of  l)eing  coke«l,  the  only  available  fuels  at  that  time  U-ing  wo<»d 
aJid  chan'oal.  A  small  shipment  of  ore  wjus  made  in  that  year  fnmi 
l'hili|»>i>urg.  The  cost  wjus  $20  currency,  per  ton  to  I'«»rt  Ik*nton,  the 
head  of  steamlniat  navigation  on  the  .Mi.ssouri  River.  $2()  fxr  ton  to 
St.  Ix>uis.  and  $10  to  $1.')  per  ton  to  the  s<\il)oanl. 

The  development  of  the  le:»d  resources  of  .Montana  was  retanled 
niore  than  in  most  of  the  other  Stall's  liy  the  lack  of  transportation  facil- 
ities, its  mining  <listricts  iK'ing  far  fnun  the  transcontiiuMital  line  «if  rail- 
way passing  thmugh  Wyoming.  I'tah,  and  Nevada,  the  Northern  I'arific 
line  being  uncompleted  until  ISS.I.  However,  there  w,ns  a  certain  outlet 
for  ores  and  b:i.so  bullion,  althotigh  a  rather  uiLs.-itisfactory  one.  in  the 
8tramlK»ats  which  ascended  the  Miss<»uri  River  to  Carmll  and  Fort  Ren- 
ton.  It  wjLs  I'lO  miles  fn»m  Helena  to  r(»rt  IV'nton.  ami  22.'!  ntilr  • 
Carmll.  On  the  i>ther  han<l.  it  wjis  1(K)  miles  to  Knuiklin,  the  tern 
in  1S74  of  the  Ctah  Northern  railway,  ami  4.50  miles  to  Corinne.  lor 
those  distances  ore  ancl  bullion  had  to  l»e  conwved  by  mule-teams  and 
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ox-teams.  The  quantity  of  protlucts  that  could  be  transported  under 
those  conditions  was  small  and  there  was  therefore  not  much  lead  ])ro- 
duced  in  Montana  until  about  1878,  when  the  rich  mines  at  Glendale, 
in  Beaverhead  County,  became  productive.  There  had  previously  been 
some  smelting  on  a  small  scale  in  the  districts  just  south  of  Helena.  The 
old  Argenta  district  had  even  then  been  practically  deserted  for  a  long 
while,  its  mines  having  failed  to  fulfil  the  expectations. 

In  1881  the  Hecla  Consolidated  Mining  Co.  had  two  3()-ton  furnaces 
in  operation  at  Glendale,  using  charcoal  as  fuel,  which  cost  only  11  c. 
jicr  bushel,  and  produced  2400  tons  of  lead,  and  was  paying  satisfactory 
dividends.  .Smelters  were  also  erectetl  at  Wickes,  where  the  Alta-I\h)ntana 
mines  had  been  opened,  at  Gregory,  and  at  Barker,  a  new  district  that 
had  been  discovered  in  1879.  The  chief  mines  at  Wickes  were  subse- 
quently acquired  by  the  Helena  Mining  and  Reduction  Co.,  and  they, 
together  with  the  Hecla  mines  at  Glendale,  were  the  principal  producers 
of  lead  in  Montana  up  to  1893,  when  the  silver  panic  checked  their  output. 
Other  important  lead-producing  districts  were  the  Barker,  in  the  Little 
Belt  Mountains,  about  60  miles  south  of  Fort  Benton,  and  the  Neihart, 
a  few  miles  nortii  of  Barker,  which  began  to  be  prominent  in  1884. 

Eventually,  Helena  became  the  important  lead-smelting  center  of 
Montana,  a  large  plant  being  established  there  by  the  Montana  Smelting 
Co.,  displacing  the  small  local  furnaces  in  the  same  way  as  had  been  the 
experience  in  other  States.  This  plant  from  its  central  location  drew 
the  ores  of  Wickes,  Barker,  Neihart,  and  numerous  smaller  camps,  and 
also  obtained  large  supplies  of  ore  from  the  Coeur  d'Alene  and  elsewhere 
in  Idaho.  Montana  has  continued  to  be  a  fairly  steady  producer  of  lead, 
but  its  output  has  never  attained  large  proportions. 
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TiiK  first  lead  miiUMl  and  snu'ltcd  in  larjie  (jiiaiitily  in  the  jtreat  cdniitry 
to  the  west  of  the  Kocky  Mountains  came  fronj  Nevada.  The  ojicnini; 
ui  the  de|)o.sit.s  in  I  tah  followed  soon  afterward.  The  existenee  of  ar^en- 
tifenms  lead  ore  in  those  Territorie.s  hati  l>e<'n  known  for  several  years 
previous;  to  some  extent  since  the  .Mormon  occupation  <>f  Itah  an«l  the 
he^ira  overland  t<i  California  soon  after  1N4'.);  to  a  more  extent  since 
the  movement  to  the  C'onjstock  lode  in  the  years  succeeilin^  lS')iJ;  an<l 
to  a  still  more  extent  since  the  march  of  deneral  Conner's  California 
volunteers  in  ISG^J,  the  meml>ers  of  which  wert»  enterprising  pn»sjioctors, 
and  devoted  nmch  time  to  looking  for  mineral  in  the  country  they  trav- 
ersed, which  l>e  it  sai«l  w:us  to  the  suhsecpient  trouMe  of  lepitimate  miners. 
The  lack  of  tran.s|)ortation  facilities,  however,  practically  i)re<luded  the 
develo|)ment  of  the  deix)sits  until  the  eompletion  of  the  Pacific  railway. 
In  studying  the  history  of  the  lead  in<lustry  of  the  West,  we  have  for- 
tunately a  minute  an<l  authoritative  contemi)oraneous  record  in  the  annual 
volumes  of  the  .series  entitled  "  .Mineral  Resources  of  the  States  and  Ter- 
rit<»ries  West  of  the  Rocky  M<)untains."  edited  first  by  .1.  R<»ss  Hn»wiie, 
later  hy  R.  W.  Raymond,  and  pul>lishe<l  hy  the  Trejisury  Department. 

In  the  first  v<»lumc  of  the  .Mineral  Re!<ourees,  treating  of  the  year 
1S()(),  su<'h  references  to  the  known  existence  of  lead  ore  :us  the  foll<»w- 
ing  arc  to  Ik;  found: 

"  In  the  I'uehlo  Mcumtains,  Nevada,  VA)  miles  northesist  of  Rlark 
Rock,  many  ledjjes  were  located  five  years  ap».  The  ores  arc  arj^entif- 
enius  galena,  alMXinding  in  lM)th  silver  and  lead." 

"  I'tah  w  known  to  nlK)und  in  many  of  the  ti.soful,  and  it  is  l)elie>t?d 
al.M)  in  the  preciotis  metals.  R<»th  lead  and  in»n  have  Ihhmi  produced 
for  manv  vrars  p;»sf  hv  the  Mnrmonx  livin;:  in  the  smithcrn  cminties." 

'■  .\  nwutlKT  of  jar^c  lodes  hca\ily  diarucd  with  .ir^cntifiTous  catena 
have  lieen  o|)ened  at  Riish  N.'ilh-y.  a  short  distance  .MHithwest  «»f  Salt 
I*ake  City,  and  lx»inis  tested  hy  the  smelting  pn»eess  pn)ved  rirh  in  U»th 
lead  and  silver.  .\  numl»er  of  furnaces  wore  erected  there  tw«»  years  ago. 
.*>ilici>   which   thrv   h;i\r  Ih'cii   kept    p;irt   uf  tlir  liinc   in  dfnT.if  ion     .uhI   witli 
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suitable  appliances  it  is  thought  a  considerable  amount  of  silver  bullion 
might  be  produced  from  these  mines." 

"Besides  the  precious  metals,  ores  of  copper,  lead,  iron,  antimony 
and  arsenic  are  abundant  in  southeastern  Nevada,  and  when  railroads 
traverse  the  country  will  be  of  great  value." 

In  the  report  for  1867  it  is  said: 

"  Man}'  of  the  ores  in  the  Humboldt  region,  Nevada,  are  so  mixed 
with  lead,  antimony,  copper,  and  other  refractory  agents  as  to  require 
smelting,  for  which  purpose  several  establishments  have  already  been 
erected  and  are  in  operation.  Tw-o  of  these,  the  one  situated  at  Etna, 
and  the  other  at  Oreana,  on  the  Humboldt  River,  have  after  many  diffi- 
culties succeeded  to  such  an  extent  that  the  business  is  now  remunerative, 
the  shipments  of  bullion  from  them  amounting  to  $3000  per  week.  The 
crude  metal  turned  out  by  smelting  consists  of  lead,  silver,  and  antimony, 
which  is  then  passed  through  calcining  and  refining  furnaces,  whereby 
the  silver  is  liberated  from  the  base  metals,  coming  out  from  0.995  to 
0.997  fine.  Much  of  the  crude  metal  is  sent  away,  as  it  will  not  pay  for 
refining  here  where  the  expenses  are  so  high.  The  cost  of  smelting  and 
refining  ore  at  these  establishments  is  $50  per  ton,  about  double  the  cost 
of  reduction  here  by  ordinary  mill  process.  The  price  of  wood  delivered 
at  the  mills  varies  from  $6  to  $14  per  cord,  depending  on  localities.  The 
extraction  of  the  ores  costs  about  $10  per  ton;  hauling  to  mill  from  $3 
to  $8,  according  to  distance." 

"Silver  Hill  district,  situated  in  the  mountains  of  the  same  name, 
Churchill  County,  Nevada,  and  organized  in  1860,  contains  some  large 
lodes  heavily  charged  with  auriferous  and  argentiferous  galena,  a  number 
of  W'hich  have  been  prospected." 

"The  Hot  .Spring,  Blind  .Sj)ring  and  Montgomery  districts,  30  to  50 
miles  southeast  of  Aurora,  and  lying  partly  in  California,  discovered  in 
1864,  produce  ores,  of  which  most  is  an  argentiferous  galena,  the  large 
percentage  of  base  and  refractory  metals  rendering  smelting  necessary. 
Two  small  mills  and  a  number  of  smelting  furnaces  have  been  put  up, 
which  coasidering  their  limited  capacity  have  made  a  fair  turnout  of 
bullion." 

"  The  Eureka  district.  Lander  County,  Nevada,  was  organized  in  1864. 
The  geological  formation  is  limestone,  with  veins  or  bodies  of  metal- 
bearing  quartz.  The  chief  characteristic  of  the  ore  is  an  argentiferous 
galena,  which  might  be  reduced  by  smelting." 
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"  Wa^liiiiKtim  district,  '2S  milt'.s  south  <»f  Au.Htin,  in  Nvp  (oiinty,  onjun- 
i»<l  in  IKti.'J.  wjus  the  srenc  of  busy  o|)eratioiiM  in  that  an<I  tht?  Hul>M>({tient 
year.  The  niincnil  i.s  an  arnrntif^'rous  ^ah'iia.  al)tin«lant  in  ({iiantily. 
The  veins  iirv  frnni  1  to  I(i  ft.  in  width,  and  rx'^uhir  in  formation.  Attempts 
have  Uvn  made  to  rechice  the  <ires,  l>Mt  owinj;  to  want  of  skill  on  the  part 
of  the  opt'rators  they  have  not  U-i-n  sueressful.  " 

"At  Minersville.  in  the  western  |)art  of  I'tah,  are  mines  of  lead  an<I 
copper,  which  contain  son>e  ^old  an<l  silver.  One  of  the  mines  has  lH><'n 
w«»rked  to  a  <lepth  of  IH)  ft.  At  this  jxtint  copju'r  predominated,  and  the 
w«»rkinj:  of  the  mine  fi)r  lead  w:us  sus|K'nde<|.  The  lead  was  smeltc<l  t*> 
supply  the  Territ<»ry.  While  lead  prevailed  w«)rkinK  "f  t''t?  mine  was 
remunerative.  No  effort  was  made  to  recover  tin-  >-iI\<r.  although  in 
many  countries  this  would  have  l)ecn  profitable. " 

"The  Itush  \'alley  ilistrict.  Itah,  alnninds  in  veins  containing  ar^-n- 
tifen>us  galena  and  copfxr  In  1S0.'>  there  w:us  considerable  excitement 
alM»ut  these  mines.  ('om|)anies  were  organized  by  odiccrs  «»f  the  army 
at  Salt  L'ike  City,  and  some  developments  were  made.  Smelting  works 
were  erecte<l  at  the  mines,  but  the  smelting  failed  to  e.xtract  the  metal  in 
a  satisfactory  manner." 

"C'ottonwcKul  Canon,  alniut  27  miles  .•southeast  fn>m  Salt  I^ike  City, 
contains  several  silver  mines.  A  Mr.  Hirst  is  rumiing  two  furnaces  there 
at  present.  They  arc  not  on  an  extensive  scale,  but  the  n'sults  are  s.di<- 
factory.     This  is  a  vahiabic  lead-mining  district." 

The  alxive  extracts  indicate  clearly  the  character  of  the  knoNxIcd^e 
as  to  the  silver-lead  <le|)osits  of  Nevada  and  Itah  at  the  end  of  1M)7, 
and  <»utline  tfie  |)ractice  in  exploitation  of  such  of  them  as  were  W(»rked. 
The  pros|)rctors  of  that  time  and  the  .'<even  years  inunediately  pn-crding 
were  anxious  to  find  lodes  of  gold  and  silver  ore  that  couhl  Ih»  l»eneficiatetl 
liy  the  proces.'*es  of  plate  or  pan  amalgamation.  Ix'ad-lK'aring  ores  were 
not  wante<l,  U'ing  valuable  only  for  their  pre<ious  metal  contents,  which 
could  only  Ik?  extracted  at  greatly  in<Teased  cost  jus  compare«l  witli  thoM* 
ores  that  were  amenable  to  amalgamation.  The  occurnMice  of  stich  ores 
at  numen»iis  localities  was  known,  lu>wever.  and  their  future  value,  when 
the  Pacific  railway  should  l»e  comfileted,  was  api>reciatrd.  Rich  argen- 
tiferr»us  galen:is  were  smelted  at  .several  pl.-ices.  the  nietals  Inking  rrducc'd 
to  a  base  silver-lead  bullion,  from  whiili  the  gohl  and  silver  wrm  n-fined 
l»v  cu{iellation.  The  furnaces  wem  doubtless  small  and  crude  afTairs. 
similar  to  what  the  .Mexicaas  used  to  employ  and  still  <lo.  At  Orrana, 
Nev..  ami  C<»ttonwfMMl  Cafion,  I'tah.  there  were  more  imfmrtant  coa^tnic- 
tions.     Of  the  lead-ln-aring  Im-  '  •■<     ■ '  ■■•  ''<    V -'  H.   "urccs 
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at  the  end  of  1867  the  more  part  failed  to  prove  of  any  great  importance, 
but  certain  of  them  became  the  greatest  lead  producers  in  the  United 
States  during  the  next  decade.  Thus  both  Eureka,  Nev.,  and  Cotton- 
wood Canon,  Utah,  had  been  discovered  previous  to  the  end  of  1867, 
and  at  the  latter  smelting  had  already  been  begun.  Bingham  Canon, 
Utah,  also  had  been  discovered  previous  to  this  time,  although  it  does 
not  appear  to  be  mentioned  in  either  of  the  first  two  volumes  of  the  Min- 
eral Resources. 

The  earliest  knowledge  of  lead  ore  in  Utah  and  Nevada  was  possessed 
by  the  ^lormons,  who  settled  at  Salt  Lake  City  in  1846.  They  produced 
such  lead  as  they  required  for  their  purposes  for  many  years  previous  to 
1866.  but  the  leaders  of  this  j^eople  discouraged  the  searching  for  mineral, 
it  being  contrary  to  the  policy  of  the  church  to  have  its  disciples  engage 
in  mining  pursuits,  wherefore  but  little  was  known  of  the  mineral  resources 
of  Utah  until  the  soldiers  stationed  at  Salt  Lake  began  to  unearth 
them.  It  is  doubtful  if  the  Mormons  had  any  knowledge  of  the  silver 
content  of  the  galenas  which  they  smelted;  if  they  did,  they  did  not  regard 
it  as  worth  while  to  separate,  a  process  invohdng  the  conversion  of  the 
lead  to  litharge  and  a  resmelting  of  the  latter  to  regain  metallic  lead, 
which  would  have  been  profitable  only  with  a  bullion  rich  in  silver.  Cer- 
tainly the  ore  at  ^linersville  was  smelted  only  for  lead  to  supply  the  Terri- 
tory, with  no  attempt  to  separate  silver.  Dr.  R.  W.  Raymond,  then 
special  commissioner  of  mineral  statistics  for  the  Treasury  Department, 
had  an  interview  with  Brigham  Young  and  several  leading  members 
of  his  church.  They  expressed  a  willingness  to  have  all  the  natural 
resources  of  Utah  developed  and  utilized,  and  disclaimed  any  hostility 
to  mining,  but  admitted  that  they  had  discouraged  their  own  people 
from  engaging  in  it  because  they  thought  that  agriculture  would  be  far 
more  profitable.  Mr. Young  expressed  the  opinion  that  the  ores  of  Utah 
had  never  yet  been  skilfully  treated.  "  What  we  used  to  call  lead," 
said  he,  "and  dig  and  melt  up  into  bullets,  these  fellows  call  silver  now! 
But  if  anybody  is  fool  enough  to  come  and  mine  for  it,  he  may  do  so,  and 
welcome. " 

The  birth  of  silver-lead  smelting  west  of  the  Rocky  Mountaias  is  com- 
monly credited  to  Oreana,  Xev.  However,  lead  was  produced  earlier 
at  Argenta,  Mont.,  for  local  consumption  in  Utah,  and  as  a  step  toward 
the  production  of  silver  at  other  places,  as  has  been  elsewhere  pointed 
out.  But  Oreana  was  certainly  the  place  in  Nevada  whence  lead  was 
first  sent  to  the  outside  market,  which  important  development  was  the 
direct  result  of  the  arrival  of  the  railway.  The  experience  at  Oreana 
just  before  and  just  after  the  advent  of  the  railway  is  finely  illustrative 
of  the  effect  that  the  improvement  in  transportation  facilities  had  upon 
the  silver-lead  mining  industry  of  Nevada  and  Utah  at  this  time.     The 
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(lev«'I«>pnjcnt  of   r'urrka,  Nov.,  nml   llio  (ott4)n\v(Mulx,  I'tah,  wim  a  dircrt 
aiul  itiiiiHMiiato  ««ms«'(nicnrr. 

On-Mua  \v:i.s  >itu:itr«l  in  tlir  Trinity  niinin);  dLstrirt,  (irKaniM*<i  in  Juno, 
\SiV,i,  in  llunilMtldt  County,  'M)  iuWvh  HouthwoNt  of  rnionvillr*.  The  niont 
itn|M»rtant  niin*',  an<l  tlio  only  ••no  activoly  workoti  in  isivS.  w.-ls  tho  Mon- 
to/.unia,  wliici)  had  an  antinionial  toad  carlNtnatc'  on*  avcraKint;  aUtut 
$si)  in  silvor  vahio,  silvor  Umh^  \v<»rth  $1..W)  |ior  oz.  at  this  time.  The 
load  and  antimony  oontonts  of  the  ore  ainountod  to  alHHit  'A)'',.  The 
sinoltory  for  the  roiluction  of  this  ore  was  oroctod  in  1SG7.  The  method 
<»f  treatment  was  desrrilKMl  in  the  Mineral  HosourreH  for  lS(iS.  The 
ore  cnishotl  to  alxnit  ofyr-si/o  l>y  a  Mlako  Itroakor  wjls  mixed  with  an 
o(|ual  weijiht  <tf  flux  consistinj:  of  _()  jiarts  soda  and  SO  parts  lime,  Intth 
gathered  fn»m  the  alkaline  doimsits  of  the  valley  an<l  foot-hills.  The 
fuel  was  <'han'<»al.  which  (((st  'J.">  r.  \rcr  hushol  after  the  coming  of  the 
railway,  whon-jis  it  had  pn*viously  cost  :ls  hi^h  :is  (m  c.  The  furnace 
Would  smelt  al>out  12  tons  of  ore  |>er  21  hours,  pniducinK  ntxtut  II).(MN) 
Ih.  of  bullion,  with  a  consumpti<»n  of  12  hushols  of  charcoal,  «>r  22.")  III. 
]roT  ton  of  (tn\  The  Itullion  contained  alnjut  7o  oz.  silver  |»er  ton.  The 
Works  rompri.^od  two  hhtst  furnaces,  and  four  reverl)oratories  for  .soften- 
ing the  antinionial  load  and  a  cu|K>llation  furnace,  the  softening!  and 
<u|>ollatiorj  furna<os  Ikmiij;  u.-^oil  when  the  silver  was  n-finod  at  the  works 
previous  to  the  arrival  of  the  railway.  The  silver  hullion  wjis  turned 
«.ut  ().<M>7  U*  ().«K»S  line  an.l  realized  $1.:U)  jx^r  oz.  After  the  Pacific  rail- 
way had  reached  Oreana.  it  p:issinj;  close  to  the  mine  antl  works,  the  ]y.\.<<o 
hullion  w:ls  ship|iod  to  Si-lhy  A:  Co..  at  San  I'rancLsco,  who  paid  $I(M)  per 
tiin  fiir  the  1):im«  metal  and  $1  per  oz.  for  its  silver  contents.  The  hal.ance 
sheet  of  the  .Montezuma  .Mining  Co.,  on  the  l):L«<is  of  one  furna<o  in  o|»or- 
ation.  then  st«»od  appmximately  !is  follows: 

'  4  S  toiw  lend  :iti«i  ;inliiiiiiny.  nt  SUM),  Sjiii  I'mnriftro  fist) 

300  OS.  .Hilvcr  (llic  !iVfn»Ki*  contents)  nt  f  I  ■U'tt) 

Tr.tnl  *.SU> 

/>r,  Mllimt     1.    I'lll'    <•!'■   .1111    i.iiiili;;    in   Hn»clt«TJ'  $H1 

•I  .Hnirllcnt,  two  nt  $.'»  and  (wo  nt  |'J  .'lU  I.*! 

2  cnjrincnicn  at  $1    H 

5  f«<<<«li-r!<.  LilNinTH,  pte.,  at  $•'<  I't 

'J  ronin  wimmI  at  ll.*)  .IT) 

144  liii.HhcU  rhnmml  nt  $0  iVi  .16 

Limojitono.  imn.  hor?*'  U-r*i,  etc.  10 

Siiporintrndcnrt'  nnd  oHirr  cxix'Iihi'  i** 

Tr«n.<«|iortA(ion  4.8  toiui  iiirtnl  to  .San  Kmncijr«i  nt  %.Ui                            144 

TotAl  .  J-ttw 

Aeconlinply  there  w:is  a  <laily  pn»fit  of  $473.     rnforttinately  fiptirt^ 
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showing  the  result  of  previous  operations  were  not  given,  but  we  may 
approximate  them.  The  vahie  of  the  silver  bullion,  at  $1.30  per  oz., 
would  have  been  roughly  about  $468,  not  allowing  for  loss  of  silver  in 
refining.  The  cost  of  mining  and  smelting  would  have  been  $223,  as  per 
the  data  previously  given.  The  cost  of  refining  may  have  been  in  the 
neighborhood  of  $60,  on  which  assumption  the  daily  profit  would  have 
been  somewhat  less  than  $185,  allowing  for  loss  of  silver  in  refining.  The 
railway  apparently  increased  the  dail}'  profit  of  this  enterprise  at  least 
2.5  times.  The  Montezuma  mine,  however,  was  evidently  not  so  good 
as  it  was  thought,  since  a  year  or  so  later  it  became  improfitable. 

The  data  given  for  the  smelting  practice  at  Oreana  are  not  sufficiently 
full  and  precise  to  enable  any  valuable  analysis  of  the  technical  results, 
but  they  also  may  be  approximated.  The  recovery  of  lead  and  antimony 
was  apparently  about  809^;  the  consumption  of  charcoal  was  about  11% 
on  the  ore,  and  only  half  that  on  the  charge,  which  appears  extremely 
low,  although  the  ore  may  have  been  easily  reduced  and  the  slag  very 
fusible  as  would  be  expected  from  the  use  of  soda  flux;  the  cost  of  smelt- 
ing was  $9.50  per  ton  of  ore,  exclusive  of  sujDerintentlence  and  general 
expease.  In  some  respects  these  would  not  be  extravagant  figures  for 
smelting  under  unfavorable  conditions  even  at  the  present  time. 

The  year  1869  is  especially  note  wort  h}-  in  the  history  of  silver-lead 
mining  west  of  the  Rocky  Mountains.  The  great  event  was  the  connec- 
tion of  the  Central  Pacific  and  Union  Pacific  railways,  making  an  uninter- 
rupted traascontinental  line.  The  silver-bearing  lead  ores,  which  formerly 
had  been  ill-favored  because  of  the  greater  cost  and  difficulty  of  extracting 
their  precious  metal  value,  could  then  be  worked  to  advantage,  inasmuch 
as  it  was  possible  to  send  the  base  bullion  east  or  west  for  refining  and 
marketing.  The  occurrence  of  lead-bearing  ores  was  therefore  not  so 
much  deplored  as  only  a  year  or  two  previous,  the  erection  of  furnaces 
was  talked  of  more  nonchalantly,  and  a  considerable  number  of  furnaces 
were  actually  built  during  the  year.  It  is  to  be  remarked,  however,  that 
up  to  this  time  none  of  the  great  lead  deposits  of  Nevada  and  Utah  had 
been  discovered.  The  abundant  occurrences  of  lead  ore  which  had  been 
previously  noted,  and  to  a  small  extent  exploited,  were  after  all  of  trifling 
importance.  It  Is  true  that  mines  had  already  been  discovered  at  Eureka, 
Nev.,  and  in  the  Cottonwood  and  Bingham  canons,  in  Utah,  but  the  great 
ore-bodies  which  afterward  made  those  places  famous  had  not  yet  been 
uncovered. 

The  second  great  event  of  1869  was  the  White  Pine  excitement,  one 
of  those  wild  "  rushes  "  to  newly  discovered  localities  that  were  so  frequent 
and  picturesque  in  the  early  history  of  mining  in  the  country  west  of  the 
Rocky  Mountains.  The  White  Pine  fever  was  one  of  the  most  violent  of 
those  epidemics,  and  prospectors  from  every  part  of  Xevada  rushed  to 


M.\  \l)\    AM)    J'TAH  17') 

the  (li-strirt,  which  hail  m'()itin-<l  the  .s«>iiltri({Uf*t  of  the  "  fXHir  nian'M  puru- 
tlLsc',"  U'laust'  of  the  ri«"hiies.H  oi  its  oit's  ami  the  eawo  with  whirh  they 
were  iiuiumI.  Wliite  Pine  was  otweiitially  a  .silver-rniiiiiif;  (lihtrirt,  itH 
rirh  horn-silver  onvs  iH'inji  fn'<'-ininirij;.  It.s  only  iiii|iortaii('e  to  the  lead 
iiulu.stry  wjts  the  fart  that  its  ile|)osit.«<  of  .silver  ore  oecurred  in  a  liiiie^tone 
formation.  The  early  |»n>.s|iertor8  f«>r  roKI  and  silver  hioked  e.H|)e<ially 
f«>r  quartz  lodes.  In  those  district.s  where  rich  orc«  had  pn'vioii.sly  l>e<'n 
found  near  the  surface  in  limestone  count ry-rock  the  result.s  had  U'en 
unfortunate,  the  ore  '*ix»terinK"  out  early.  For  this  reason  the  rich 
deposits  of  White  Pine,  which  Iwire  a  striking  an<l  (»minous  n*seml)lancp 
to  other  iliscoveries  of  fair  pros|H'<t  and  rapid  failure,  were  first  iv^arded 
with  ilistrust.  and  it  w:ts  several  months  U'fore  nuich  confidence  was 
felt  in  their  |>ermanc'nce.  Wlu'ii,  however,  their  value  was  denmnstrated 
and  knowledge  ha«l  U'en  paine«l  as  to  their  character  and  mode  of  occur- 
rence, attention  was  directeil  to  several  of  the  old  districts,  which  ha<l  Ix'en 
abandoned  or  disregarded  on  account  of  tiie  limestone  country-rock, 
and  in  the  new  lij;ht  which  White  I'ine  had  thrown  UjMin  this  formation 
niany  «li.scoveries  were  made,  anions  them  the  great  ore  de|)osits  of  Kureka. 
White  I'ine  may  Ijc  considereil.  then^f(»re.  to  have  led  dire<tly  to  liureka. 
As  Is  well  known,  most  of  the  great  lead  de|)osit.s  of  the  world  have  Ix-H-n 
found  in  limestone  formations. 

The  leail  pnxluction  t>f  White  Pine  it.self  was  insignificant.  However, 
there  was  some  lead  ore  in  the  "l>ase  range,"  which  was  discovered  ami 
workeil  two  years  lx»fore  the  excitement  of  IStil),  and  those  ores  lieing 
incapahle  of  profitahle  l)eneficiation  in  any  other  way,  two  furnaces  were 
erei'ted  in  iMlt).  hut  they  do  not  ap|iear  to  have  l)een  successful.  It 
may  l»e  remarked  here  that  at  the  pn\s<'nt  time,  nearly  40  years  after  the 
discovery  of  the  district,  .some  sujall  lead  mines  are  still  l>eing  worked 
at  White  Pine. 

The  completion  of  the  Pacific  railway,  which  for  .several  years  had 
l)een  liM»ke<l  forwani  to  with  such  great  expe<tations,  was  followed  l»y  a 
feelirjg  of  <lisap|)ointment,  the  fn'ight  rat<»8  lieing  nuich  higher  than  was 
anticipated.  When  the  railn>ad  was  first  ojiened  from  Sa<ramento  to 
Argenta,  .'JlHi  miles,  the  freight  rate  was  fixed  at  $.'i()  (gold)  |mt  ton;  from 
Sacnimento  to  KIko,  KiS  miles,  it  w.as  $(K).7'>  per  t«)n.  Th«*se  rates  were 
re<luced,  Sopt.  1,  1S(H).  to  $.'i')  and  $^12  resjiectively.  making  the  n»te  niMUit 
H.SI  c.  |)er  ton  mile  to  .Xrgenta,  and  a  trifle  mon*  than  that  t4»  KIko.  I'nim 
Klko  to  Hamilton  (the  principal  town  of  the  White  Pine  district)  the  cost 
of  trans|)ortation  was  2.5  and  3  c.  |x»r  II).,  the  distance  l)eing  I2S  mile«(. 
Kven  in  1SG9  it  was  argued  that  the  railway  freight  rate  ought  to  lie 
reduce<l  to  .T  e.  |)er  ton  mile  at  most. 

The  Kureka  district,  situated  in  the  Diamond  Range,  aUiut  40  miles 
west  of  White   Pine,  IxM'ame  the  .scene  of  renewed  activity  right  after 
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the  rit'li  discoveries  at  White  Pine,  a  smelting  furnace  being  erected  by 
C.  A.  8tetefeldt,  already  an  eminent  metallurgist,  in  which  he  smelted 
ore  from  several  of  the  mines.  The  process  was  not  quite  successful 
because  of  the  large  proportion  of  gangue  in  the  ores  delivered  to  the 
furnace,  necessitating  a  proiJortionately  large  quantity  of  flux,  while 
pecuniary  embarrassments  prevented  even  the  completion  of  the  works. 
Dr.  Raymond  in  writing  of  Eureka  in  1869  said:  "The  deposits  are  fre- 
quently large,  but  occur  irregularly  in  limestone.  They  contain  smelting 
ores,  which,  for  cheap  reduction,  ought  to  be  dressed  before  they  reach 
the  furnaces.  The  ores  assay  well  and  probably  average  better  than 
those  from  the  base  range  at  White  Pine."^ 

In  Utah  mining  did  not  advance  much  in  18G9,  even  the  completion 
of  the  Union  Pacific  railway  failing  to  stimulate  general  activity.  Numer- 
ous veias  had  been  located  in  the  Cottonwood  Canon  district,  but  not 
much  mining  was  in  progress  there  and  the  smelting  experiment  that  had 
previously  been  undertaken  had  apparently  been  abandoned.  In  Bing- 
ham Canon  also  nothing  but  trifling  work  was  done.  The  Rush  Valley 
mines  were  again  attracting  attention,  and  a  furnace  was  erected  there, 
with  which  exception  there  does  not  seem  to  have  been  any  smelting 
done  in  Utah  in  1869.  Dr.  Raymond  in  summarizing  the  results  of  the 
year  wrote  thus:  "On  the  whole  it  may  be  said  that,  so  far,  Utah  cannot 
be  classed  among  the  mining  States  and  Territories.  The  developments 
made  are  all  very  slight  and  unimportant,  and  no  shipments  of  any  con- 
sequence of  the  j)recious  metals  have  ever  been  made."  - 

In  1870  the  mines  of  Eureka,  Nev.,  came  into  great  prominence.  They 
had  been  discovered  in  1864,  and  considerable  money  had  been  expended 
on  them,  some  of  them  having  been  sold  to  a  New  York  company,  but 
they  occurred  in  tlie  despised  limestone  formation,  and  the  ores  con- 
tained too  much  lead  to  permit  successful  milling,  so  the  district  was 
virtually  aljandoned  until  1868,  when  Major  McCoy  and  associates  deter- 
mined to  try  to  smelt  the  ore  and  emph^ycd  Mr.  Stetefeldt  to  erect  the 
furnace,  previously  referred  to,  which  was  done  in  1869.  The  results 
were  at  first  rather  unsuccessful,  although  not  entirely  discouraging. 
About  this  time  a  number  of  miners  from  White  Pine  came  to  Eureka 
and  other  valuable  mines  were  discovered.  In  the  autumn  of  1869  Col. 
G.  C.  Robbias  built  a  small  furnace  at  Eureka  and  demonstrated  that 
the  ores  could  be  successfully  smelted.  About  the  same  time  Col.  David 
E.  Buel  and  associates  leased  the  McCoy  furnace  and  bonded  the  Buckeye, 
Champion,  and  Sentinel  mines.  After  Colonel  Buel  had  satisfied  himself 
of  the  smelting  qualities  of  these  ores,  he  resolved  to  build  a  large  smeltery, 
and  together  with  Messrs.  Bateman,  Allen,  Ingoldsby,  and  Farren  formed 

'  Mineral  Resources  West  of  the  Rocky  Mountains,  1869,  p.  177. 
2  Mineral  Resources  West  of  tlie  Rocky  Mountains,  1869,  p.  321. 
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n  company  <*ji1Um|  the  Itatctiiaii  As-sorialitui.  A  roinbination  wjim  h4h»ii 
iftcrwanl  made  with  William  IxMit,  who  ha<l  a('<|iiirtM|  vaJiialtU*  |iri>|icTty 
III  llir  district,  ami  tlir  Murrka  ('niisnlitlatt'<l  Miiiiii^  (o.  \v:ls  itr);aiii/4><|, 
lif^innin^  l»»isiiu's,s  with  the  Hu«  kcyi',  ('hampinM.  SMitiiicI,  (V-ntral.  HuNt- 
laml.  ami  Marmiioth  iiiinrs,  ami  ihe  simltiiij;  works  ertMtf<|  |»y  liuol  A- 
Hatoniaii. 

The  tlevt'h>|)mcnt  of  Kurc'ka  wjw  very  rapid.  The  ores  were  at  first 
«':u<ily  found,  onct-  the  nM|ui.sit<'  knowlf«lj;c  was  accjuin'd,  an<l  wore  easily 
mine«l.  A  nn'at  ore-lnxly  iti  the  ('haMi|>ion  mine  out(rop|¥»<l  as  a  .'i-inch 
<Ta«'k  in  the  liniestone.  lilird  with  liiiionito.  The  limestone  over  the 
ore  proved  t4»  lje  only  six  or  eight  inclu-s  thick.  This  an<l  other  deiMisits  in 
the  district  were  dug  out  in  o|xm»  cuts.  The  ore  was  an  earthy  lead  rar- 
Intnate  and  w:us  .so  ejisily  mined  with  pick  and  .^shovel  alone  that  one  man 
couhl  take  otit  10  tons  \ivr  day.  and  two  miners  actually  supplied  two 
>melting  furnaces.  The  Mureka  district  In-gan  to  U«  a  regular  producer 
in  DeeemU-r,  istilK  At  that  time  oidy  one  furnace.  McCoy's,  wjts  in 
o|ieration.  During  the  first  six  months  of  1S7()  the  production  of  the 
ilistrict  wjis  S'>.S  tons  of  lead  hullion.  At  the  cnti  of  IS7()  there  were  II 
furnacc>s.  all  in  or  close  to  the  town  of  iMireka.  According  to  Mr.  Ciuido 
Kuestel.  in  an  article  in  the  Srirnli/ir  Press,  the  ores  smelted  in  the  summer 
of  IS70  averaged  10  to  IS'  ;  lead.  $<i()  to  $S0  in  silver,  and  $1')  to  $i.'0  in 
gold  |)er  t4)n.  Three  an<l  a  half  tons  of  ore  yiehled  one  ton  of  pig  lead 
or  "  hullion."  :is  it  w:is  calleil.*  The  hullion  average<l  alxnit  $170  in  silver 
and  $S0  in  g«»ld  |ier  t4»n.  It  wjts  shipped  t«»  Newark.  \.  J.,  for  n-fining. 
The  actual  yield  of  the  Kureka  mines  in  Is70  was  n..t  less  than  $1,2<K),(KM) 
in  value. 

A  considerable  (piantity  of  lead  wjls  pnxluced  in  1.S70  i»y  the  mines 
of  the  Ikisc  metal  range  at  White  I'ine,  where  .several  furnaces  were  nin. 
a  new  works  with  three  furnaces  l»eing  enacted  during  the  year,  hut  these 
«»res.  although  chielly  carlHuiates  and  ratlu-r  rich  in  lead,  were  compara- 
tiwly  of  low  gratle  in  silver,  and  were  not  .so  cheaply  smelted  as  the  ores 
<if  Kun*ka.  The  lead  res«»urces  <»f  the  district  were  at  th.it  time,  however. 
considereil  t«»  U*  (piite  large. 

According  to  a  re|)ort  of  the  State  .Mineralogist  of  Nevada,  the  shi|>- 
menti^  of  ore  fntm  ejistern  Nevada  to  ('aliforni:»  in  1S(M)  were  I-I7.'{  tons; 
in  IS70.  exclusive  of  I  )<'cemU'r.  (iOl.")  tons.  I/^ss  than  two  t«»its  of  ore  were 
}«hip|ied  ejLst  during  those  yearx.      In  ls7()  aUtut   liKH)  tons  of  silver-lead 

•  Tho  rnidr  nnrpntifomiiti  pig  lond,  ihr  "  Wrrkliloi"  of  thr  (irrtunn*.  in  xtill  mlli'<l 
"  IwiM'  luilliiii)  '  liy  ihf  Wj'wtcrn  Murltrpi.  Tlio  «»riKm  «»f  tin*  li-nn  i^  ol>vinii<«Jy  «hip  lo 
the  early  <«ilvor  inirH'ni  cif  Nrviuln,  wlm  got  iMillioii  fn>ni  (heir  inilliiii;  iiri<<«  nt»l  rha«p 
to  rail  Ititlliiin  n\m^  thr  priMliirt  whirli  they  enl  fnmi  ihi'ir  riMtkinj;."  or  mim'IIiiij;,  itn*n 
by  Ihr  pnirrM  wliirh  thry  nt  fip»t  n-tfar^lcil  iiM>r^>ly  nn  a  wny  of  rxtmrtinK  «lv«r  wiili 
uo  conaadrration  f(>r  Ihp  pnMliirli«in  of  Ittwl  mm  n  v.aliuil>lo  idtIaI. 
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was  shipped  westward  and  2000  tons  eastward.  The  ores  shipped  to 
California  were  partly  smelted  at  San  Francisco,  and  partly  exported  to 
Englantl.  According  to  A.  D.  Hodges,  Jr.,  the  receipts  of  ore  at  San 
Francisco  from  eastern  Nevada  and  Utah  in  1870  were  4537  tons,  and 
of  silver-leatl,  16S1  tons. 

Making  allowance  for  the  lead  content  of  ore  shipped  to  San  Francisco, 
it  is  probable  that  the  lead  production  of  Nevada  in  1870,  practically 
its  first  year  as  a  ])roducer  of  lead,  was  as  much  as  4500  tons. 

From  1S70  onward  the  history  of  lead  protluction  in  Nevada  is  prac- 
tically the  history  of  Eureka,  which  from  that  time  poured  a  constant 
stream  of  ba.se  bullion  into  the  eastern  refineries  until  the  great  deposits 
were  exhausted.  The  Eureka  Consolidated  Mining  Co.  was  always  the 
largest  producer  of  the  district;  the  Richmond  Consolidated  was  a  good 
second.  In  the  year  ended  Sept.  30,  1871,  the  former  mined  18,847  tons 
of  ore  and  smelted  18,825  tons,  which  produced  3468  tons  of  base  bullion. 
The  average  cost  of  mining  was  $5.52  per  ton  of  ore;  of  smelting,  $19.60 
per  ton;  these  figures  not  including  administration  and  general  expenses. 
The  w^orks  of  the  company  comprised  five  furnaces,  which  had  an  aggre- 
gate capacity  of  120  to  148  tons  of  ore  per  day.  Charcoal  was  still  the 
sole  fuel  for  the  furnaces,  and  wood  for  the  steam-boilers,  but  the  increas- 
ing scarcity  and  expense  of  both  had  already  led  to  a  consideration  of 
the  possible  use  of  coal  and  coke.  The  consumption  of  charcoal  was 
30  to  45  bushels  per  ton  of  ore,  averaging  35  bushels.  It  cost  from  28 
to  30  c.  per  bushel,  or  about  $40  per  ton.  Wood  cost  $6  to  $6.25  per 
cord.  The  cost  of  carting  bullion  to  the  Central  Pacific  railway  was 
$12.50  to  $17  per  ton.  The  ores  smelted  had  already  become  of  lower 
grade  in  lead  than  in  1870,  an  average  of  5.75  tons  being  required  to 
make  one  ton  of  bullion  in  1871.  The  total  production  of  the  Eureka 
district  in  1871  was  5665  tons  of  bullion,  valued  at  $2,035,588,  of  which 
the  Eureka  Consolidated  produced  3172  tons,  and  the  Richrriond  1012 
tons.  The  bullion  averaged  about  $250  per  ton  in  gold  and  silver  and 
$90  to  $100  per  ton  was  paid  for  its  lead. 

The  early  mineral  discoveries  in  Utah  were  chiefly  of  what  was  at 
that  time  called  "base  metal  ores,"  i.e.,  ores  containing  a  comparatively 
large  proportion  of  copper  and  lead.  The  difficulty  experienced  in  the 
treatment  of  such  ores,  together  with  the  high  cost  of  transportation 
and  the  opposition  of  the  Mormon  authorities,  caused  the  earlier  mining 
enterprises  to  languish  and  fail.  In  1868  and  1869  Dr.  Raymond  found 
no  mines  in  productive  operation  except  the  placers  of  Bingham  Canon, 
which  were  worked  on  a  small  scale.  In  1869,  however,  a  few  parties  were 
preparing  to  take  advantage  of  the  railway,  and  experiments  of  a  metallur- 
gical character  were  in  progress  at  Salt  Lake  City.  In  1870  there  was  a 
sudden  and  extensive  development  of  the  mining  industry  in  Utah. 
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This  was  due  to  several  rauses.  The  Parifip  railway  ha<l  l)ecn  rom- 
pU'ted.  furnishing  greatly  iinpmvrd  traiL'^|Hirtatiiin  fariliiien.  The  treal- 
intnl  of  ^ilvir-hjul  ori'S  ha«l  aln-aily  Ut-n  anninphshcMl  .surreshfully  <ui 
n  hirpe  srale  at  liun-ka,  Nev.  The  opiMisition  of  the  Mormon  Churrh  had 
heen  withdrawn,  the  nuirket  of  an  active  mining  |)optilation  rloM'  at 
hand  U'inK  wi-lroined  to  n'phice  the  hurative  tniMic  that  the  railway 
had  practirally  put  an  end  to,  interrupting  to  a  hir^e  exti-nt  the  Monnon 
(rathn^;  traia«<.  carrying  ^rain  ami  veKetaltles  far  into  the  mining  «h>trifts 
of  other  territories,  and  diverting  the  procession  «if  wayf:irer><  acn»ss  the 
eontinent,  who  hatl  previously  paid  pn^at  trilmte  to  the  farmers  of  the 
Salt  Like  Valley.  Finally,  it  was  in  ls7()  that  the  fani<»us  Kmma  mine, 
in  l.ittU'  ('ott«»nwood  Canon,  wjis  discovered,  and  the  op<'ninK  <»f  its  1m»- 
nanza.  "a  lake  of  mineral  of  vjist  extent,"  which  yiehle<l  a  <lear  profit 
of  nearly  SI'JO  |x>r  ton  on  shipments  <if  ore  to  SwaiL>^a,  Wales,  "jrave 
an  im|»etus  to  mining  in  I'tah  that  surprtsses  :ill  other  cfTorts  made  in 
that  tlirection  put  together,"  these  quotations  U-inj;  from  a  conteni- 
|X)raneous  writer.' 

The  Ilmma  mine  Ix'came  a  lar^e  producer  in  the  first  year  of  its  o|>er- 
ation.  One  firm  of  bn)kers  in  Salt  Lake  City  re|K)rted  shipnients  during 
the  six  months  ending:  Dee.  '.\\,  1S7(),  of  42(K)  t<»iLs  of  galena  ores,  of  an 
average  a.ssay  of  li't'  ',  lead  and  $IS'J  silver  per  ton,  the  average  net  value 
U'inn  $\'2ii  \rcT  ton.  Aln»»st  all  of  this  w:is  froni  the  Mnuiia  mine.  The 
total  shipments  of  the  Mnuna  niine  for  the  year  were  W.Ki  tons  of  <tm, 
of  which  J'.KiS  went  t«»  the  Atlantic  co:ust  ami  2.T2.">  to  the  I'acific.  and 
S.5  tons  of  l):isc  hullion,  the  aggregate  vahie  l)eing  estinuite«l  at  $lKi7.0(M), 
reckoning  the  ore  at  $1S2  iK*r  ton  and  the  ludlion  at  $I(KI.  The  cost 
of  trans|Mtrtati()n  (l>y  team  to  Salt  Like  City,  2S  miles,  and  thence  hy 
nul  t<»  New  Jersey),  and  the  exjx'n.'^e  of  treatment  amounted  to  $IM)  |>er 
ton. 

The  prices  |)aid  in  Salt  Like  City  l»y  California  Imyers  for  Ctah  ores 
in  January,  ISTI,  were  as  follows:  Ore  containing  .'«)','  lead  and  iiH)  or,, 
silver  irr  ton,  $22;  lO'";  lead,  $:M)m:  rtii'l  IratI,  fiS;  li()' ;  lead.  $4*»; 
7t»' ,'  lead,  $.').'{;  SO','  lea«l,  $<»1;  f«»r  c:i<h  10  oz.  <»f  silver  in  excess  of  .jO 
o/.,  $10  |ier  t<ui  ad<litional. 

Th(>  costs  of  lalMtr  in  I'tah  :\\  iiu-  tunc  wen^  nut  high,  in  Hingliam 
Canon,  first-<'l:us.s  miners  received  $.'{  |«er  day;  secon«l-<'hi.ss,  $2.'»0;  surface 
laliorers,  $2.  Lumlier  cost  $10  |i(>r  M.  mining  timlwr  $<>  |ier  eonl.  W(mm| 
for  fuel  $4  |)er  conl,  eonmion  jmwder  $.">  |ier  keg.  quick-^iUer  SO  v.  ]n'T 
|Miund. 

C)Mtsi<!e  of  Little  CottonwcMMl,  prosjiecting  was  done  in  the  adjacent 
cafiitas.  Hig  CottonwiHnl  and  .\n)eri«!in  Fork:  at  St«M"kton  and  in  F^ist 
Cafntn.   res|iectively    10    and  .V>   miles    wmthwrst   of  Salt    L'lke  City;  at 
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1S4  LEAD   AND   ZINC   IN   THE   UNITED   STATES 

several  places  in  the  Tintic  ^'allo^^  about  70  miles  southwest  of  Salt  Lake 
City,  where  some  valuable  (.liscoveries  of  silver-lead  ore  were  made;  and 
in  the  West  Mountain  district,  Bingham  Canon,  about  25  miles  south- 
west of  Salt  Lake  City,  where  a  large  number  of  veins  of  argentiferous 
galena  had  already  been  discovered.  All  of  these  districts  were  naturally 
tributary  to  Salt  Lake  City,  which  was  thus  marked  by  its  location  as 
a  logical  point  for  smelting.  Woodhull  Bros,  built  a  furnace  there  in 
1870,  and  other  works  were  projected.  Dr.  Raymond  summarized  the 
results  of  mining  in  Utah  in  1870  in  tlie  statements  that  the  most  pro- 
ductive mines  were  deposits  of  argentiferous  galena  in  limestone,  that 
the  business  of  mining  and  smelting  required  considerable  capital,  and 
that  the  abundance  of  supplies,  cheapness  of  labor,  and  facility  of  trans- 
portation rendered  it  a  highly  inviting  field  for  operations  on  a  large 
scale,  the  accuracy  of  which  forecast  was  borne  out  by  the  rapidity  of 
the  development  during  the  next  few  years. 

Even  so  soon  as  1871  there  was  a  great  influx  of  prospectors,  miners 
and  speculators  into  Utah,  and  the  remarkable  increase  in  activity  was 
manifested  in  the  increased  production  of  ore  and  bullion.  The  ship- 
ments of  the  3'ear  were  estimated  to  be  2378  tons  of  base  bullion  and 
10,806  tons  of  ore,  of  which  2185  tons  of  bullion  and  8880  tons  of  ore 
were  consigned  eastward,  the  remainder  westward.  During  the  summer 
shipments  of  ore  were  restricted  by  an  increase  in  the  schedule  of  freights. 
The  rates  were  subsequently  reduced,  though  not  to  the  former  point. 
They  were  then  S18  for  ore  and  $20  for  bullion  per  ton  from  Salt  Lake 
to  Omaha. 

The  Emma  mine  continued  to  be  the  principal  producer.  L''^p  to 
AugiLst,  1871,  it  had  yielded  from  10,000  to  12,000  tons  of  ore,  averaging 
about  160  oz.  silver  per  ton,  and  from  45  to  50%  lead.  The  total  value 
of  this  ore,  at  the  cash  price  paid  for  a  large  part  of  it  in  Liverpool,  namely 
£36  per  ton,  was  about  $2,000,000.  The  mine  had  been  sold  to  an  Eng- 
lish company  for  £1,000,000,  a  price  which  was  contemporaneously 
criticised  as  unjustified  by  the  appearance  of  the  mine,  and  was  subse- 
quently proved  to  be  greatly  in  excess  of  the  actual  value.  The  Flag- 
staff mine,  near  the  Emma,  also  became  a  producer  of  rich  lead  ore  during 
1871. 

Outside  of  Little  Cottonwood  Canon,  important  developments  were 
made  in  American  Fork  Canon,  where  the  Miller  mine  was  worked;  in 
Bingham  Cafion;  in  the  Tintic  district,  where  rich  smelting  ores  were 
mined  in  Eureka  Hill ;  and  in  the  Ophir  and  Rush  Valley  districts.  Smelt- 
ing furnaces  were  erected  in  all  of  these  districts,  their  number  in  the 
latter  part  of  the  summer  being  reported  as  follows:  Ophir,  5;  Stockton, 
2;  Tintic,  2;  Cottonwood,  3;  Salt  Lake,  4;  Bingham,  2;  American  Fork, 
2;  Corinne,  1;  total,  21.     One  plant  was  equipped  with  a  reverberatory 
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furuacp  for  the  tr*'atiu<Mit  of  ^altMia  on*«.  Iiul  llio  otlirrh  lia<l  mostly  hiiiall 
i«liaft  funiai'cs,  MncltiiiK  chirlly  oxi<li/x*(|  own  ami  tiMint;  rliarcoal  ils  fuel. 
.Most  of  tlir  rliarcoal  wjix  Wnxi^lit  into  (tali  liy  rail  from  Tnirki'4',  in 
the  Sirrra  .\t'\a<la.  tliotiKli  a  r«»ii>i<l<'ral»|p  <iuaiitity  was  htiriicd  in  the 
W:i.satrli  .Mountaiiix,  an«l  in  pifmn  (li.stri<t.K  furtlirr  Houtli.  The  Tnickcnr 
••lianoal  \va.s  «U'li\mMl  at  a  rost  of  2.1  v.  ]n^r  hnslicl.  Tlit*  I'tali  rlian-oal 
cost  22  to  'M  v.,  hut  wjus  aj)!  to  U*  inferior  in  rpiality,  while,  moreover, 
it.H  supply  wsts  prprariou.s. 

The  smelting  prarticc  wjts  very  l»:nl,  the  fiirnar«'x  Ix-inj;  run  f«»r  the 
most  part  in  an  ignorant  manner,  with  the  natural  result.s  of  very  brief 
an<l  intermittent  rampaiKUs,  fr(M|uent  fnr/<'-ui»s,  lii^h  e«»st.'*,  ami  lar^e 
livss<»s  of  li'a<l  ami  silver.  In  many  ejises  more  than  half  of  the  lead  eon- 
tonts  of  the  ore  were  pnthahly  lost.  Ort's  ai^sayiiiK  'M  '>/-.  silver  jter  ton 
and  'MV 'f  lea<l  eouhl  hardly  Ik^  treated  at  a  profit,  as  ajifiears  from  the 
following  estimate  hy  Mr.  James  IlelTernan  of  the  result.s  at  Corinne: 

C««t  of  Kincltiiig  5  tons  orr  at  f.'i.'i  $17.'» 

Frvight  on  1  tun  of  luillioii  to  Siilt  I^ikc  lU 

Total,  not  iiirliKiiiiK  interest,  etc.  lis.* 

Vnhic  of  2(M)U  11..  hiillion  at  .{..jr.  $70 

Value  of  12U  oz.  silvir  at  $I.I.'»  l.W 

Total  .  . .  IJIW 

The  pen-entage  of  lead  recovery  wjus  estimate<l  at  OO^ ;  of  silver  at  SI). 
According  to  the  alxive  figtires  there  was  a  margin  of  only  $2.'J  to  pay 
for  five  tons  of  ore. 

The  early  history  of  lead  mining  in  I'tah  and  Nevada  luus  lioon  related 
with  this  detail  in  order  to  show  clearly  the  cau.ses  an«l  manner  of  it.s 
development.  It  will  Ik*  ol>sorvcd  that  the  great  contributory  cau.'<e 
wafi  the  comjiletion  of  the  Pacific  railway,  furnishing  an  outlet  to  the 
market.*',  east  and  west.  liefore  the  huilding  of  the  railway,  the  cost 
of  transfMirt.'ition  was  $2')<)  and  $.S(N)  |ier  ton  to  the  Pacific  (Vi:ist,  and 
$.'{(X)  and  $i(H)  to  the  Atlantic,'  which  wsih  n  prohibitive  rharKe  on  either 
ore  or  bjuse  bullion.  Hy  1S72  the  cost  of  ship|>ing  bullion  fnun  Mureka. 
Nev..  including  the  cost  of  refining  and  other  charges,  had  c(»me  tlowri 
Ui  $7S  jier  ton.  With  the  ixwwossion  of  the  traascontinental  line,  the 
determinative  factor  in  the  |m»duction  of  le.'id  fn»m  these  new  snurres 
WJUS  the  ojiening  of  the  great  de|»osits  «tf  ore,  which  were  prcviou>|y  know n 
to  a  eon»i«lerable  extent,  an<l  were  rich  enough  in  silwr.  gohl.  and  lead 
to  stand  the  high  c<»st  of  imjierfect  mining  an«l  snwlting  methods  and 
local  trans|)ortation.  The  price.s  for  Ixith  lea<l  and  silver  were  high  at 
that  time,  wherefore  the  ores  were  better  able  to  n>eet  the  high  costw, 
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which  naturally  were  extremely  variable  in  the  different  districts.  In 
their  suhsetiuent  history  the  dominating  factors  were  the  improvement 
in  transportation  facilities  by  the  construction  of  branch  lines  of  railway 
to  the  mining  districts  and  the  reductions  in  cost  of  mining  and  smelting 
by  imjirovement  in  technical  methods.  The  mines  became  thereby  able 
to  make  an  increased  j^roduction  though  mining  a  lower  and  lower  grade 
of  ore,  and  in  the  face  of  a  gradually  declining  price  for  silver  and  a  gen- 
erally downward  tendency  in  the  price  for  lead.  Save  for  the  exhaustion 
of  some  of  the  principal  ore  deposits  there  was  no  cause  acting  greatly 
to  restrict  production  until  prices  fell  very  low  during  the  monetary 
panic  of  1S93. 

While  Nevada  and  Utah  became  contemporaneously  large  producers 
of  lead,  the  conditions  in  the  two  States  were  widely  different.  The 
large  production  of  lead  in  Nevada  was  derived  almost  entirely  from 
the  mines  of  Eureka.  These  were  the  only  really  important  lead  mines 
ever  discovered  in  Nevada,  and  when  they  were  exhausted  the  lead  'pro- 
duction of  the  State  dwindled  to  insignificance.  The  ores  of  Eureka 
were  self-fluxing  and  could  therefore  .be  smelted  at  comparatively  low 
cost,  and  being  also  mined  easily  and  cheaply,  they  were  exploited  at 
great  profit,  the  principal  companies  of  the  district  being  large  dividend- 
payers  from  almost  the  beginning. 

In  Utah  the  principal  mining  districts  are  situated  in  the  Wahsatch 
and  Oquirrh  ranges  of  mountains,  l3'ing  respectively  east  and  west  of  the 
valley  south  of  Salt  Lake,  into  which  their  gulches  debouch.  All  of  these 
districts  are  within  a  comparatively  short  distance  of  Salt  Lake  City, 
and  within  less  distance  of  the  points  eight  or  ten  miles  south  of  the  city 
w^hich  were  early  determined  to  be  advantageous  locations  for  smelteries. 
Lines  radiating  from  that  center  reach  Bingham,  the  Cottonwoods,  Park 
City,  and  Tintic  in  comparatively  short  distances.  In  the  first  stage 
of  mining  in  Utah  the  general  idea  was  to  smelt  the  ores  at  or  near  the 
mines  where  produced.  Few  or  none  of  those  mines,  however,  had  ores 
of  character  that  made  them  self-fluxing,  and  the  cost  of  bringing  in  the 
necessary  fluxes  by  the  imperfect  means  of  transportation  of  that  time 
w^as  high,  and  the  cost  of  smelting  was  consequently  high,  on  which  account 
many  of  the  early  attempts  proved  failures.  After  the  Utah  Central 
railway  was  completed  to  Salt  Lake  City  (in  December,  1869)  and  exten- 
sions w^ere  continued  to  the  various  mining  camps  of  that  time,  especially 
Alta,  Bingham,  and  Tintic,  it  became  possible  to  bring  ores  of  different 
character  together  at  a  central  point,  near  Salt  Lake  City,  where  smelting 
could  be  profitably  conducted. 

From  the  metallurgical  standpoint  Nevada  never  had  but  one  lead- 
producing  district,  viz.,  Eureka.  The  operations  in  that  district  were 
chiefly  in  the  hands  of  two  large  mining  companies.     Those  companies 


siiu'lt<'<l  tlirir  un->  iiirii  1 1\  at  t  m-  imiif--.  llipy  wcit?  nhle  to  do  tuj  liecftiwo 
the  on-s  wi-ri'  M-ll-lliixiiiu.  Morrovrr,  tlic  miru'S  wert'  rich  »ii<l  (|iiickly 
IxK'amc  pn>ritnl)lc  nml  the  roinpauic«  were  able  t<»  wnire  the  liwt  iiictal- 
hiiyical  servircs  avuilaMr  at  the  time  ami  coitstnirt  the  uu>si  iinpr«*ve<l 
Works.  I-'or  this  reason,  although  silver-U'a<l  smcltiun  hail  U"*-!!  previously 
trie«l  elsewhere  aii<l  wjuh  l>einR  tried  elsewhere,  more  often  with  dJMai^tniitH 
than  with  suecessftil  n\'<ult.s.  lOureka  Inrame  the  real  hirthplare  of  the 
industry  in  the  Inited  States.  The  te<hniral  developmonts  that  were 
due  to  the  work  at  Miireka  arc  deserilnMl  elsewhere  in  this  history. 

I'tah.  on  the  other  hand,  was  a  repion  of  many  lea<l-mininK  dlstrirt.s, 
none  of  which,  until  the  development  of  the  San  lran«'is<"o  or  Horn  Silver 
dlstriet.  wiw  in  any  way  comparal)le  industrially  with  Ihireka.  There 
was  n<»ne  of  the  early  mines  which  in  magnittide.  richness,  and  eji-^e  of 
exploitation  approaclietl  the  Mureka  and  Hichiiiond  projx'rties,  and  iiodc 
which  wa.s  so  profitahle.  Many  of  the  l)cst  mines,  like  the  Knmia  and 
l'l:ij;stafT,  were  the  subjects  of  inflated  promotions,  had  finan<'ierinp.  and 
eventual  disiister,  thus  inijvdinK  indu.strial  pro^n'.><s.  The  on'S  of  the 
various  district.s  were  not  .self-lluxinR  and  were  incapahlc  of  sucressful 
retluction  save  at  a  suitahlc  central  |)oint.  When  that  w;is  reeopnized 
and  the  c«»nstruction  of  railways  radiating  from  Salt  l^ike  City  made 
such  practice  iM)ssihle,  the  production  of  lead  in  I'tah  wa.s  piit  <»n  a  sound 
basis  and  a  jrreat  industry,  lasting  to  the  present  time,  wjis  estahli-'  •  ! 
ujxm  it.  Salt  Like  City  l)ecamc  the  first  {xiint  in  the  I'nitcd  St  . 
where  a  general  smelting  business  of  magnitude  came  to  Ik?  c«)nductc<l, 
and  its  practice  was  the  prototype  after  whi<h  that  of  Denver.  Pueblo, 
ami  lil  I'a.xo  w.is  fashioned. 

The  pntduction  of  Mureka  incre:ised  rapidly.  In  1S72  it  amounteij 
to  07S()  tons  <»f  base  bullion,  chiefly  produced  by  the  I'.ureka  and  Kich- 
m<tn<l  companies,  l>esides  which  there  wjis  a  numU-r  of  smaller  c<»ncerns 
which  had  erecte<l  .and  were  ofx'rating  furna«es.  However,  the  l-.ureka 
company  alone  furnished  more  than  half  of  the  output  and  its  st;»ti-ii'^ 
for  the  y»'ar  are  important  in  illustrating  the  early  conditions  of  miiun^ 
and  smelting.  The  cost  of  mining,  and  clelivcring  the  ore  Ui  the  fumaecs, 
wris  $7.S|  |w«r  ton.  One  ton  of  bullion  wjus  pnnluced  fn>m  S.  12  tons  «tf 
ore.  The  trans|)ortation  an<l  rehning  charges  on  the  bullion  aggregated 
.diout  $7S  jier  ton.  The  reastm  that  there  was  not  a  larger  increase  in 
the  pnxiiK-tion  of  the  llureka  district  in  1S72  wsis  litigation  lietween  the 
Miinka  at>d  Richmond  companies,  which  checke«l  the  otitptit  of  the  latter. 

Iil.«<ewherc  in  Nevada  there  wjis  a  little  smelting  done  in  the  Kailnmd, 
.•^pnico  Mount.'iin.  Robinson,  an<l  White  I'ine  district.**,  but  the  aggregate 
output  of  thoM'  districts  wxs  insignificant. 

In  I'tah  al.Ho  there  was  a  noteworthy  increase  in  the  output  of  lead 
in  1S72,  the  product  of  ba«  bullion  amounting  to  SI25  tons,  while  IO,.'}47 
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tons  of  ore  were  sliij)iKHl  out  of  the  State  for  smelting  elsewhere.  Esti- 
mating the  yield  of  the  ore  ship{x»(l  at  40%,  the  total  lead  product  of  the 
State  in  1872  was  12,335  tons,  which  is  probably  an  underestimate  rather 
than  an  overestimate.  The  major  part  of  this  output  was  derivefl  from 
the  Cottonwoods.  The  Emma  mine  alone  shipped  4000  tons  of  ore  to 
England  during  the  first  eight  months  of  the  year  and  subsequently  sold 
0300  tons  in  the  ojien  market,  a  total  of  10,300  tons  which  averaged  45% 
lead  and  69  oz.  silver  per  ton.  The  Flagstaff  mine  produced  3000  tons 
of  base  bullion,  obtaining  one  ton  of  bullion  from  3.5  tons  of  ore.  The 
Miller  mine  produced  153G  tons  of  base  bullion,  smelted  from  very  rich 
ore.  The  Winnemuck  mine  of  the  Bingham  district  produced  1232  toas 
of  base  bullion,  smelted  from  an  ore  which  averaged  38%  lead  and  56 
oz.  silver  per  ton.  Smelting  at  the  Winnemuck  works  was  ver}'  e.xpensive. 
Charcoal  cost  30  c.  per  bushel;  limestone,  $7  per  ton;  iron  flux,  $22.50 
and  $25  per  ton.  The  iron  flux  had  to  be  obtained  from  Rawlins,  Wyo- 
ming, and  the  fire-brick  from  Golden,  Colo.  The  furnace  charge  con- 
sisted of  13  parts  ore,  4  parts  iron  flux,  5  parts  limestone,  2  parts  old 
slag,  and  6  parts  charcoal.  There  were  two  furnaces,  each  smelting 
about  14  toas  of  ore  per  day.  At  the  works  of  the  Utah  Silver  Mining 
and  Smelting  Co.,  also  in  Bingham  Cafion,  the  cost  of  smelting  per  ton 
of  ore  was  $6.96  for  fluxes,  $15.80  for  charcoal,  $4.27  for  labor,  and  $5.30 
for  roasting,  a  total  of  $32.33  per  ton.  The  construction  of  the  railroad 
up  Bingham  Canon,  which  would  enable  the  ores  of  that  district  to  be 
taken  to  meet  the  ferruginous  ores  of  the  Cottonwoods,  was  eagerly 
awaited. 

Both  the  miners  and  smelters  of  Utah  in  1872  reaped  great  advantage 
from  the  fierce  competition  for  ores  and  bullion  among  the  eastern  smelt- 
ers and  refiners,  especially  of  .St.  Louis  and  Chicago,  who  bid  up  prices 
to  a  point  which  left  dangerously  small  margias.  The  freight  rate  on 
ore  from  Salt  Lake  to  Chicago  at  this  time  was  $25  per  ton;  on  bullion, 
S28.50  per  ton.  The  Selby  Smelting  Co.  of  San  Francisco  was  also  a 
buyer  in  this  market,  and  the  refining  of  base  bullion  was  begun  at  the 
Germania  works  at  Salt  Lake  City,  this  being  the  first  refinery  in  the 
Rocky  Mountains.  Altogether  there  were  in  Utah  in  1872  smelting  works 
to  the  number  of  21,  of  which  six  had  roasting  furnaces,  the  total  number 
of  blast  furnaces  being  36,  and  of  roasting  furnaces  seven.  The  Wah- 
satch  works  had  begun  with  a  Flintshire  reverbcratory  furnace  and  a 
slag  hearth,  but  those  had  been  abandoned.  The  Wahsatch  works  which 
were  situated  just  south  of  Salt  Lake  City  were  showing  the  advantage 
of  a  central  location  since  they  w'ere  able  to  mix  the  silicious  lead  ores 
of  Bingham  with  the  ferruginous  lead  ores  of  the  Cottonwoods,  and  dis- 
pense with  the  use  of  costly  iron  flux.  The  cost  of  smelting  in  the  blast 
furnace  was  $13  per  ton  of  ore;  of  slag  roasting  in  reverbcratory  furnaces. 
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$4  |M*r  t4in,  li|;iiitr  Umd^  (>in|il«>yo<l  im  fuel,  (oki;  wti> 
fiiniare  iiiHtra«l  of  rhan-oHl.  It  rost  $.'{()  |M>r  ton  iii-livc>rt><l,  nii<l  iu<  roni- 
pan'«l  with  rhart-oal  at  .U)  c.  |)er  htiMlirl  W]u<  n>rkoiu*<l  to  In.*  alKiut  $1 
ilu'a|i«'r  jHT  t«»n  of  on*  .sm('lto«l.  All  the  alx)vc  vahicH  are  rurnMU'v.  A 
niinparLsoii  of  thf^*  (i^iitf.s  with  thost*  whirh  have  |in'vio»i>Iy  Imhmi  j;i\Tn 
for  smelt iijj;  at  Hin^hain  will  explain  why  the  nmcltcrx  in  the  Suit  I^ike 
N'allcy  SiHui  <lisplare«l  those  at  the  mines. 

In  IST.'J  Kureka.  Nevada.  showe<l  a  ^reat  inrrrjL'<e  in  prrxltirtion,  the 
l»ase  hullion  pnnluct  ji^^ire^atinK  I'J.O.VJ  tons,  which  wjls  furnished  hy 
eijiht  smelting  works  with  a  total  of  17  furnares.  The  statistics  of  the 
thnx'  principal  conipanies  are  niven  in  the  following;  tahle.  which  is  com- 
pileil  from  data  in  Mineral  KeMoun-ivsWest  of  the  Rocky  Mountains  for  1.S70: 


Comptar 

TofttOrcSniclinl 

I'mduictl 

Mining      1       Canmc 

Richmond 

30.-»l>2 
2.'>.692 
13.102 

5.010 
1.9.30 

$  5.00          t  2.00 

tlTlMI 

Eureka  . 
Ruby 

>11    IS 

7  J.-. 

ia37 

17  'J  1 

The  loss  in  smelting  the  Hichmonil  >  ;i    1.'   ,      ;  the  lead  an«l  l'>'",' 

»»f  the  pold  and  silver.  The  Ruby  biilli<»n  wan  shipfiod  to  the  Halhach 
refinery  at  Newark.  N.  .1..  which  paid  f(»r  the  silver.  le.s.'*  .'>  oz.  |>er  ton. 
at  the  market  value;  for  the  g<»ld  at  the  a-ssay  value,  less  $2  fier  oz.;  an<l 
for  SS'^',  of  the  lead  at  5.5  c.  fjer  lb.;  with  a  de<lucti«»n  of  %2i)  |ier  ton  for 
refining.  The  usual  receipt  to  the  Ruby  com|>any  wjus  the  assay  value 
of  the  pf»l<l  and  silver,  plus  Sl.*>  tn  sjo  per  t"?!  r,,r  tin.  1..  .,1  .ftir  .!i..!n,  i  ii... 
freight  and  other  charges. 

Outside  <»f  the  liureka  tli.-^lritt  the  most  »iii|»«irlant  pnKJiiier  o|  lead 
in  Nevada  in  l.sT.'i  wjls  the  Kmpire  City  .Mining  ( o.  of  the  Railmad  district, 
which  shi|)(x>d  42()  toim  of  ba.so  bullion. 

In  I'tah  the  o|>eration  of  many  «»f  the  miiu^  an«l  smelting  works  was 
j<t4)pped  by  the  panic,  wherefore  the  lead  output  did  n«»t  show  any  large 
inrrenw^  over  the  previous  year.  The  Knglish  cjunpaniej*  sufTerrtl  the 
wjirvt  and  most  of  them  fell  into  .'*erious  financial  tlilVuMilties.  Mingham 
and  the  (V)ttonwf>o<Is  contintied  to  l>e  the  chief  lead-prr>ducing  <listrict.H 
and  in  the  latter  the  Kmma  mine  wtut  still  the  largest  ship|ier.  but  at  tlio 
eml  <»f  the  year  it  wjis  practic.ully  exhausted  and  never  afterwanl  was  it 
of  im|w>rtance  except  a.s  a  nn^nxiry.  It  has  U-en  a  hoix"  in  the  Cotton- 
wikmLh  lasting  to  thtj<  day  that  t«omc  one  would  di-ncox-er  an  ore  de|MK«it 
like  the  famous  Dmma  iMinanza.  The  .Miller  nunc,  of  Ameriran  F<»rk 
Cafion,  wa.M  al.so  exhaustc<l  this  year. 
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Many  new  smelting  works  were  erected  in  1S73,  and  the  importance 
of  tlie  >Salt  Lake  valley  as  a  smelting  center  inci-eased  materially.  A 
narrow-gauge  railway  was  completed  from  Sandy  on  the  Utah  Southern 
railway,  to  the  Winncmuck  smelting  works  in  Bingham  Canon,  thus 
affording  a  cheajx'r  outlet  for  the  lead  ores  of  that  district.  Dressing 
works  were  erected  at  Bingham  Canon,  inaugurating  a  system  of  pre- 
liminary treatment  of  the  ore  that  furnisiied  to  the  smelters  an  improved 
chiss  of  smelting  material.  In  general  the  smelting  industry  in  Utah 
continued  to  be  characterized  by  bad  metallurgical  practice,  save  at  the 
Germania  works,  which  were  better  managed  than  the  others,  and  began 
to  take  a  distinct  place  in  the  lead  industry  of  Utah. 

The  production  of  lead  in  the  EureTva  district  in  1S74  showed  a  small 
falling  off,  as  compared  with  the  previous  year,  although  conditions  were 
improved  by  the  completion  of  the  railway  from  Palisade  to  a  point  only 
30  miles  distant  from  Eureka.  The  Richmond  company,  erected  a  refinery 
and  began  the  desilverization  of  its  bullion,  and  also  made  important 
improvements  in  its  smelting  plant,  which  gradually  became  the  best 
plant  of  its  kind  in  the  West.  The  Eureka  CoiLSolidated  Mining  Co. 
continued  to  ship  its  base  bullion  to  San  Francisco,  the  transportation 
and  other  charges  to  that  point  aggregating  S32.10  per  ton. 

The  lead  production  of  Nevada,  outside  of  the  Eureka  district,  con- 
tinued to  be  insignificant. 

In  Utah  there  was  a  very  considerable  increase  in  the  lead  production 
in  1874,  which  was  chiefly  due  to  the  Bingham  district,  then  the  most 
important  lead-producing  district  of  the  Tcrritor}'.  A  large  output  was 
still  made,  however,  by  the  Cottonwoods,  especially  by  the  Flagstaff 
mine,  which  produced  14,767  tons  of  ore.  There  was  a  noteworthy 
increa.se  in  the  number  of  dressing  works  in  the  Bingham  district. 

In  1875  there  was  little  change  in  the  output  of  the  Eureka  district, 
the  Richmond  and  Eureka  companies  continuing  to  be  the  principal 
producers.  The  Ruby  company  made  a  considerable  output,  but  in 
general  there  were  restrictions  in  the  undertakings  of  the  smaller  pro- 
ducers which  for  the  most  part  gave  up  the  scheme  of  smelting  their  own 
ores,  and  resorted  to  sale  of  the  same  to  the  Eureka  and  Richmond  com- 
panies. The  Eureka  &  Palisade  railway  was  completed  during  the 
last  quarter  of  the  year,  and  the  smelters  were  thereby  enabled  to  avail 
themselves  of  coke  as  fuel,  instead  of  charcoal,  but  very  little  coke  was 
u.sed  at  first,  except  by  the  Richmond  company.  The  cost  of  the  coke, 
delivered  at  its  works,  was  $60  per  ton. 

The  production  of  lead  in  Utah  in  1875  also  remained  substantially 
at  a  standstill.  This  was  apparently  due,  to  a  considerable  extent,  to 
the  great  competition  among  the  smelters  for  ore  which  prevailed  during 
the  year,  extinguishing  their  profits,  and  compelling  many  of  them  to 
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shut  <i«»\vri.      1  lir  yv.ir  \\:\s  marked  hImi  by  the  rnmplotion  *>i  :i  iiarniw 
f^augc  railway   to   Alt  a,   iti   tlio  (V»tl«»n\v<M»ls,   n>i|ii(iii^   ihc  frfiglil   fn>ti 
Alta  to  Sandy  to  t'2..'A)  \ipr  ton.     Coke  fnun  the  San  Tetc  dUtriet  of  I'lah 
wjw  also  iiM'd  thi.s  year  l>y  the  snielters  of  Itah  for  the  first  tin)e. 

Sulis<'(|iH'Mt  to  IS?'),  the  mining  and  snu'llin^  indu.-try  of  the  Knrcka 
district  fill  niore  and  more  into  the  hands  of  the  two  lar^e  conipanieM 
which  made  increjisin^  outputs  up  to  al>out  IHM).  an«l  f)aid  larjje  divi- 
dends. In  the  early  eijihtit's,  however,  the  ohi  lM»nan/ji.s  lie^an  to  U* 
cxhaiutted,  and  the  pn)duction  of  lead  dwindle<l,  falling  to  aixiut  -KMM) 
tons  in  1SS4.  The  re«hn'tions  in  UiiniuK  an<l  sineltinn  cost.s  were  irLxufli- 
cient  to  c«»m|¥Misate  for  the  iiujxtverishjnent  of  the  ores,  for  although 
the  cost  of  smelting  wa.s  reduced  .somewhat,  the  cost  of  mining  increimcd 
l»ecause  <»f  the  necessity  of  operating  at  greater  depth,  and  other  un- 
favorahle  conditioiLs.  In  iSS.'i  the  cost  of  mining  to  the  Richmond  c«»m- 
pany  wa-s  $1.'}.01  per  ton,  while  smelting  cost  $1  !.(>()  {jer  ton.  In  1SS4 
the  figures  were  SIo.K.'J  and  $11.72.  resjiectively.  Thus,  there  were  no 
great  differences  Ix^tween  the  cost  of  |)roduction  at  that  time,  an<i  the 
v(*st  10  or  12  years  earlier,  in  the  first  stage.s  of  mining  in  the  Kureka 
tlistrict.  My  1S,S()  the  workings  in  the  principal  mines  had  attained 
coiu^iderahle  <lepths,  the  Richmond  having  a  shaft  KXXJ  ft.  dee|).  I'p 
to  that  time  the  mines  had  Ix^n  dry,  hut  in  ISXI  the  iMjreka  comi)any 
encountered  water  in  it.s  new  shaft  at  a  depth  of  ToO  ft.  In  the  same 
year  the  great  suit  l)etween  the  JMireka  and  Richmond  ccunpanies  wjw 
decided  by  the  Supreme  Court  of  the  United  States  in  favor  (»f  the  former. 
This  suit  wius  brought  in  1.S77  on  account  of  the  Richmond  <-om|>;iny 
having  cn»s.«^;d  its  line  and  worked  out  the  famous  Potts  Chaml>er.  whereby 
the  Kureka  company  clainied  to  have  lost  $2.()(K).(KK).  In  1SS2  the  deep 
shaft  of  the  Kureka  w.xs  drowned  out.  and  henceforward  pumping  wxs  a 
serious  ililliculty  in  the  IJireka  di.strict. 

From  I.S.S4  the  mining  industry  at  Kureka  c«)ntinue<l  to  fall  (»fT,  the 
oJitput  dwindling  to  a  c(»mparatively  low  figure.  I>eing  larg«'ly  the  pn»duct 
<»f  lessees  and  tributerx  to  whom  i>ortioM.s  of  the  mines  ha<l  UtMi  givm 
over.  A.S  early  a.s  ISSo  most  of  the  ore  pnxluction  of  the  Kureka  Con- 
.Milidated  wjm  fnun  tributers.  In  iVsD  the  total  lead  production  of  the 
district  was  only  14SU  tons.  In  the  early  nineties  all  o|»erations  came 
practically  to  a  »tan<istill.  The  feud  that  aro.»tc  lietweon  the  two  gneal 
c*)n)|)anies  over  early  disputes,  which  liecame  the  subjrct.s  of  bitter  liti- 
gation, had  never  Ut-n  fftrgotton.  and  pnnented  any  |»o.vsibility  of  har- 
moniou.s  action  when  such  wjus  nec<le<l.  A.s  the  minex  acquired  more 
de[»th  they  had  l>ecome  wet  and  Jts  early  a.s  |S,S2  had  l>ecn  <ln»wne<l  out 
in  their  lower  levels,  where  the  U'Nt  pn»s|iectM  for  ore  existe<l.  It  w.-t-* 
found  that  the  water  could  lie  economically  contended  agaiast  only  by 
united  action,  but  under  the  circumstaDccti  that  waa  hopeless.     C<>a<tc- 
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qucntly.  tlic  mines  were  practically  abaiuloned  to  tributers,  who  j:;()phcrccl 
around  in  the  upjxir  levels.  In  181)0  the  Richmond  smeltery  was  closed 
and  in  1891  the  Eureka  smeltery  was  also  abandoned.  Since  that  time 
the  comparatively  small  production  of  the  district  has  been  shi])j)ed  to 
outside  smelters.  In  1893  the  production  of  the  district  was  14,515 
tons  of  ore.  The  Diamond  was  then  the  only  mine  employing  men  on 
day's  pay.  In  1897  the  output  of  the  mines  of  the  Eureka  Consolidated 
was  only  1121  tons  of  ore. 

In  1905  there  was  a  great  increase  in  mining  activity  all  over  the 
United  States,  due  to  various  causes,  which  need  not  be  discussed  here. 
The  remarkable  success  of  certain  new  gold  mining  camps  in  Nevada, 
especially  Tonopah,  Goldfield,  and  Bullfrog,  attracted  a  large  amount 
of  attention  to  this  famous  old  mining  State,  which  previously  had  come 
to  i)e  regarded  as  almost  dead.  Among  the  many  prospectors,  miners, 
and  engineers  drawn  to  Nevada  by  the  new  discoveries,  it  was  natural 
that  the  old  bonanza  mining  camps,  forgotten  for  many  years,  should 
be  recalled  to  mind,  and  the  idea  suddenly  occurred  to  various  promoters 
and  engineers  that  in  all  ])robability  there  were  developments  of  ore  in 
their  mines,  of  too  low  grade  to  pay  for  working  when  they  were  aban- 
doned, which  would  be  j)rofitable  under  the  greatly  improved  methods 
of  modern  mining  and  metallurgical  practice.  In  this  way  plans  were 
made  for  reopening  many  of  the  old  districts,  among  them  Eureka.  The 
Richmond-Eureka  Mining  Co.  w^as  organized  in  1905,  to  take  over  the 
property  of  both  the  old  companies,  the  stock  of  the  Richmond  Con- 
solidated having  been  acquired  by  an  American  syndicate,  and  steps 
were  inaugurated  to  unwater  the  mines,  although  that  work  has  not  yet 
(1907)  been  actually  begun.  In  the  meanwhile,  however,  shipments 
from  the  old  stopes  to  Salt  Lake  City  have  been  made  on  a  large  scale, 
it  being  possible  to  smelt  profitably  at  that  distant  point  in  1906  what 
had  been  valueless  material  on  the  spot  20  years  earlier.  The  reopening 
of  Eureka  and  some  interesting  points  in  its  history  were  described  in 
an  article  by  me  in  the  Engineering  and  Mining  Journal  of  Dec.  7,  1907, 
from  which  the  following  paragraphs  are  reprinted: 

"The  first  important  mines  of  silver-lead  ore  in  the  United  States 
were  at  Eureka,  Nevada.  It  is  now  nearly  40  years  since  they  were 
opened,  nearly  25  years  since  they  receded  largely  in  production,  and 
fully  15  years  since  anything  worth  mentioning  has  been  heard  of  them 
until  recently.  But  from  1869  to  1879,  when  their  star  paled  under  the 
superior  brilliancy  of  Leadville,  they  were  the  largest  domestic  supply 
of  pig  lead  and  they  are  of  peculiar  interest  because  of  their  romantic 
history  in  the  early  days,  becau.se  of  the  uniqueness  of  their  geology 
and  the  famous  litigation  which  arose  respecting  it,  because  of  the  rich- 
ness and  easy  mining  of  the  remarkable  ore-bodies,  and  because  at  Eureka 
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many  mining  onginoors  nml  mctnllnn^iMU  who  HuliHoqiicntly  IxH-ame 
eminent  n'eeivu«l  their  first  praetiral  e\|nTienee. 

"There  an*  M>nie  who  think  that  the.H«>  inineM  were  aban<lone«l  |>n>- 
matiirely  and  that  well  planned  and  {lerxiMtently  exp<'tited  ex|)lorationH 
will  di.M*los<'  new  ori'-liodie.s  iv<  rirh  as  thn,s««  which  formerly  were  mined. 
There  are  others  who  think  that  the  inineral-U-arin^  formation  of  Knhy 
Hill  was  exhausted  by  the  thon>tiKh  exploitation  of  the  old  eompanicM, 
that  the  mines  were  Uittomed  ami  have  no  further  (»re  to  yield,  i.e.,  silver- 
lead  on*:  of  rourse.  there  is  no  (piestion  aWout  the  |ow-f:rn<le  iron  ore  that 
w:us  left  liehind  in  the  old  sto|)es. 

"  rp  to  the  end  of  ]SS'2  the  protmit  imi  ni  tiic  dixtnit,  accnriiin^  in 
OirtH.  A;ls  alM)Ut  -J-Jo.iMK)  tons  of  lea<i.  $l(),(H)(l.(HH)  w(.rth  of  silver  and 
$'JO.(MM).(NM)  of  Kold.  Fn)m  the  statistical  n'cords  in  Raymond's  wfxirti*. 
aiul  in  .Min(*ral  Kesouri'es  of  the  I'nited  States  and  els<*when^,  I  am 
miahle  to  a(<-ount  for  more  than  17s.(MH)  tons  of  lead  actually  ship(ied 
fn»m  the  State  of  Nevada,  of  whi<h.  of  course,  all  hut  an  insignificant 
amount  came  fnun  Mun'ka.  I'nun  1SS2  to  the  end  of  \S[H)  the  lea«l 
pnxluction  was  prohahly  alntut  2.'».(KK)  tons,  and  fmm  \S\)\  to  the  end 
of  I'MM)  I  surmise  it  nuiy  have  l)et*n  alwiut  rJ.tXH)  tons.  rn»hal)ly  the 
output  of  Kun^ka  up  to  the  end  of  ]<KM)  was  ahout  'J1().(NM)  tons  of  lead, 
and  doul)tle.«s*<  !H)' ,'  iti  that  wjis  derived  fnun  the  two  hig  mirtes. 

"To  go  to  Kun*ka,  one  leaves  the  nuiin  line  of  the  S»uthern  Pacific 
at  I'alLsajle.  Fnun  that  |K»int  the  I!unka  it  Palisade  nins  almost  dtie 
south  to  |]un*ka.  a  di.stance  of  al>out  SO  miles.  The  c<iuntry  traverso<l 
is  unfertile,  unsettle<l.  and  uninten*sting.  There  are  occasional  stations 
along  the  n>ad,  hut  nothing  that  can  l>e  called  a  village  hy  any  stretch 
of  the  imagination.  At  pn*sent  then*  are  two  trains  a  day.  One  of 
them  Is  exclusively  a  freight  train.  The  other  b*  chiefly  a  fnight  tniin. 
hut  hy  virtue  <»f  carrying  a  single  comhination  car,  with  .'<ejits  f«»r  \'2  or 
ITi  pjLssengers,  is  hy  courtesy  called  a  pa.v^enger  train.  This  makes  the 
joiiniey  «»f  .S<)  miles  in  alnnit  six  hours.  rrcvi«»us  to  the  rettjiening  of  the 
mines  tljere  was  only  one  train  every  <»ther  d.'iy. 

"  I)e.scrnding  fnun  (iardc*n  p:i.><s  the  railway  cntsses  Diamond  valley 
ami  enters  cme  of  the  gently  sloping  ravines,  characteristic  of  etistern 
Neva«la.  in  which  —  a  short  distance  fnun  the  entrance  —  is  situateii 
the  town  «»f  liun-ka  at  an  altilutle  of  .<dM)iii  {\,'AH)  ft.  alwive  M*a-level.  The 
tenniniLi  of  the  railway  is  lielow  the  town,  a  cpiarter  of  a  mile  or  so.  Just 
alM»ve  the  niilw.-iy  .station  W'ls  the  smelter  <»f  the  Kurvka  Consolidated, 
which  company  wjis  alw.'iys  n*fern*d  t«»  :is  the  'Con.'  Then  comes  the 
town  ami  at  the  upjier  end  <»f  the  town  the  Richmond  «nM»ltor.  There 
were  smaller  smelters  near  the  'Con*  and  near  t!      !!    '  !.  hnt  with  a 

single  exception  nothing  remains  of  the«M'  save  tli«  .  and  indcHMl 

the  same  Lh  tnie  of  the  two  hig  works. 
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"  It  is  interesting  to  visit  some  of  the  old  mining  camps,  which  acquire 
a  picturesqueness  in  their  decay  and  (Hhipidation  that  savors  of  more 
ycai"s  than  they  actually  possess.  But  I'Aireka  is  not  exactly  dilapidated. 
On  the  contrary  it  exhibits  rather  a  trim  appearance  in  s])ite  of  the  rows 
of  shops  with  shutters  closed  on  doors  and  windows  since  nuui}^  3'ears 
ago,  bearing  mute  testimon}'  to  the  fact  that  the  1000  inhabitants  of 
to-day  do  not  require  so  much  as  tiie  9000  of  30  years  previous.  Indeed, 
it  is  a  mystery  how  the  town  has  lived  so  well  during  the  long  3^ears  of 
stagnation  in  mining  and  has  sujiported  the  many  excellent  retail  stores, 
and  two  hotels  —  one  particularly  good  —  which  it  has  to-da3\ 

"  Eureka  is  agreeably  situated,  its  site  being  sufhciently  roomy  and 
the  hills  on  either  side  being  not  very  steep,  and  looking  north  there  is 
a  fine  outlook  over  broad  Diamond  valley.  There  are  some  trees  in  the 
town  and  with  the  aforesaid  shops  and  other  conveniences  it  is  not  a 
bad  place  as  mining  camps  go.  In  its  various  vicissitudes  the  town 
has  been  several  times  partially  washed  away  by  floods,  once  ravaged 
by  smallpox,  and  twice  almost  completely  destroyed  by  fire,  but  if  not 
s'o  pros}x?rous  as  once  it  remains  to-day  a  respectable  shadow  of  its  pris- 
tine self,  with  fond  hopes  that  somewhat  of  its  former  activity  may  yet 
return. 

"As  early  as  1S78  the  older  workings  of  the  Eureka  mine  contained 
considerable  ore,  which  had  failed  to  be  extracted  either  through  over- 
sight or  improj^er  mining.  Many  small  ore-bodies  also  had  been  passed 
over  as  too  poor  or  iasignificant  to  be  worth  mining,  and  there  was  reason, 
moreover,  to  believe  that  undiscovered  ore-bodies  of  small  size  existed, 
as  indeed  turned  out  later  to  be  the  case.  To  make  a  clean  sweep  of  the 
ground,  in  that  year  T.  J.  Read,  then  superintendent  of  the  mine,  intro- 
duced the  tribute  system,  dividing  up  the  ground  into  blocks.  A  little 
later  the  tribute  system  was  introduced  in  the  Richmond  mine,  and  in 
that  as  well  as  in  the  Eureka,  it  was  found  to  work  very  well.  As  the  com- 
panies gradually  finished  their  operatioas  in  the  lower  levels,  tributers 
were  put  in  them  also,  and  eventually  tributers  were  in  possession  of 
the  whole  mine  in  each  case,  especially  after  the  influx  of  water  had 
driven  the  companies  out  of  the  extreme  lower  levels.  Subsequent  to 
1885  or  1886  the  bulk  of  the  production  in  the  Eureka  was  made  by 
tributers,  and  since  about  that  time  no  maps  were  kept  up  by  the 
companies. 

"  It  is  almost  unnecessary  to  say  that  the  tributers  put  the  mines 
in  wretched  condition,  because  that  is  always  what  they  do  when  they 
are  not  carefully  supervised,  and  in  almost  all  cases  supervision  which 
at  first  may  be  effective  gradually  becomes  lax  and  eventually  there  is 
no  supervision  at  all.  The  tributers  in  Ruby  Hill  burrowed,  gouged,  and 
gutted,  filled  up  some  (jld  workings  and  allowed  others  to  cave  in.     Prob- 
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ably  it  never  will  Ih»  known  fully  how  nnd  where  they  went.  Hut  the 
anno>ati(-i>  of  |in>M-nt  |)n».>i|K>rtinK  i-n  that  in  <lisrovcrinK  and  followit>K  a 
|»niiiii>iii^  leatltT  of  on*,  it  ahvays  Ls  found  to  end  not  in  a  Milf^tantial 
and  deHJrable  nurleas.  hut  invariably  in  a  Ht«i|)c  (>{jciu*<1  and  exhauhtefl 
by  some  tribtitt-r  conun^  fnmi  a  diffenMit  tlire<'ti<»n.  One  cannot  helf) 
admiring  tin'  industry  of  the  f<»rmcr  tributers,  but  it  is  tii  U-  nMnarkt-d 
that  in  .'U)  years  they  had  ample  time  t4)  dig  far  and  thon>ughly. 

"This  leads  to  the  (juestion,  What  are  the  future  pnts|iert.s  i.f  tin- 
mines".'  In  the  first  j>hne,  as  to  the  upjur  wedge  «»f  liiiie.stone,  it  has 
eviilently  l»een  nearly  c<»mpletely  pnisperted.  The  gntund  in  the  Kun'ka 
mine  Ikl^  Ihhmi  pros|)t«rted  rather  exhaustively  clear  to  the  bottom.  Il<»w- 
ever.  in  lowrr  levels  then*  an*  some  blocks  of  2(K)  or  .'i()U  ft.  .'^<|Uan\  which 
nuiy  l)C  f»»und  to  contain  lM)dies  of  ore  not  yet  dlscoven*d,  although  the 
chance  for  this  d«K*s  not  apjiear  to  l>e  extn>mely  brilliant.  In  the  Rich- 
mond mine  the  wedge  «»f  limestone  is  deejier  ami  wider  and  the  lower 
part  of  it  hjis  by  no  means  l)een  cut  up  so  thomughly  a«  in  the  Kureka 
roiL*<*'lidated.  It  Ls  true  that  such  exj>lorat<»ry  w«trk  as  has  l)een  done 
in  the  lower  part  of  the  Richmond  mine  Iuls  n<tt  n*sulted  very  succe.*>s- 
fuHy,  but  this  may  Ix*  due  rather  to  bail  luck  than  to  the  non-exLstence 
<»f  ore-l>odies.  Novertheless.  it  must  l>e  acknowledged  that  the  mineral- 
liearing  country  in  lM»th  these  mines  has  been  \\»ll  pmsfiected.  and  the 
pntdtiction  fn»m  any  new  ore-bodies  that  may  Ik*  foun«l  in  the  upfjer 
wedgp  of  limestone  is  unlikely  to  l»e  more  than  a  tithe  of  those  which 
pn*viously  have  U-en  mined  out.  Hecogui/ing  this,  it  must  l)e  admitte<l 
that  the  chances  are  l)etter  for  the  Richmond  mine  than  f«>r  the  Kureka. 

"As  to  the  lower  wedge  of  limestone  the  pmsfx-cts  are  uncertain. 
They  an*  the  same  to-<lay  as  when  Curtis  made  his  n'|K»rt,  anil  conse- 
quently Curtis'  views  are  im|N>rtant.  He  says  in  concluding  his  rep<irt: 
'The  pmbability  of  flntling  on^  in  the  lower  wedge  of  limestone  <le|iends 
in  a  gn-at  me:usun*  U|>on  the  validity  of  the  theory  of  substitution.  If 
this  theory  Is  the  true  one — ami  the  pnK)f«  favoring  it  an»  stning 
—  there  seems  to  l>e  no  reiu*ion  for  doubting  the  presence  of  on*  U*low. 
|>n>vide<l  that  the  limestone  w:ls  in  a  fit  stale  to  admit  the  ore-l>earing 
dilution  during  the  jwriocl  of  de|M>sition.  That  this  wjus  the  ciw  is  indi- 
cated by  what  has  U'<'n  thus  far  ••l>s<*rve<l  in  the  lower  limestone  and  by 
the  fact  that  on*  w:is  found  in  th^  Ruby  Hill  fault-H.viun*  when  it  wiv* 
laid  bare  by  the  cn>.Hs-eut  fn»m  the  r.*tK)-ft.  level  <»f  the  \A*ci\n  shaft. 
On  the  other  han«l.  if  the  ore-lxtdy  wrn*  de|)einlent  on  the  prior  formation 
of  I  aNc?*  they  will  not  lie  found  U'ltiw  the  water  level,  as  mvc  fimnation 
could  not  take  place  much  In*Iow  that   plane.' 

"  It  may  I-  '  cd  here  that  Ctin  •  ii  r;i!in  ■  ! 

the  theory  of'  on.     Ilecontintx  .\\>;'\\i 

tion  of  the  «»n»  in  the  deejier  workings  will  pmve  pmfitable  will  de|iend 
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upon  the  flow  of  water,  size  of  ore-body,  value  of  ore,  and  facilities  with 
which  it  can  be  reduced.  Water  may  prove  a  serious  impediment,  but 
it  is  not  necessarily  one  which  should  be  fatal  to  the  exploration  of  these 
mines.  As  to  the  size  of  the  ore-bodies  no  satisfactory  predictions  can 
be  made.  No  great  change  in  the  value  of  the  ore  as  regards  to  silver 
need  be  feared,  though  it  is  possible  that  the  contents  in  gold  may  be 
decreased. 

"  Whatever  may  be  learned  with  respect  to  the  lower  wedge  of  lime- 
stone, its  exjjloration  is  certain  to  prove  one  of  the  most  interesting  prob- 
lems in  mining  geology.  Up  to  the  present  time  no  active  move  has  been 
made  in  this  direction,  although  the  equipment  for  bailing  out  the  Locan 
shaft  is  already  on  the  ground. 

"The  activity  of  the  Richmond-Eureka  Mining  Co.  so  far  has  been 
confined  to  re-opening  the  old  mine  for  the  extraction  of  iron  ore.  This 
has  been  a  costly,  dangerous,  troublesome,  and  tedious  work,  the  old 
stopes  having  largely  come  in,  so  that  it  has  been  necessary  to  retimber 
them  entirely  with  square  sets.  The  shafts  also  had  to  be  retimbered. 
As  a  preliminary  to  the  present  operations  all  of  the  leases  in  the  mine 
were  canceled. 

"  Operations  are  now  going  on  in  the  surface  workings  on  the  western 
side  of  Ruby  Hill,  on  the  first,  second,  and  ninth  levels  of  the  Eureka 
and  on  the  sixth  level  and  elsewhere  of  the  Richmond.  The  operations 
are  resulting  in  the  production  of  about  130  tons  of  ore  per  day,  which 
averages  about  3^%  lead,  30%  excess  of  iron,  0.18  to  0.2  oz.  of  gold  and 
from  2  to  3  oz.  of  silver  per  ton.  The  value  of  such  ore  is  probably  about 
SIO  per  ton  at  the  mine.  In  its  production  160  men  are  employed.  Drill 
runners  are  paid  $4  per  day,  miners,  $3.50,  muckers  and  trammers,  $3. 
Timber  is  very  expensive,  costing  SSO  per  thousand.  It  is  probable 
that  the  requirements  will  be  reduced  later  on  by  the  introduction  of 
the  top-slice  system  of  mining  in  certain  portions  of  the  mine.  The 
reopening  of  the  mines  has  not  yet  by  any  means  been  completed,  and 
gradually  without  doubt  the  cost  of  mining  will  be  reduced,  but  even 
under  the  most  favorable  circumstances  it  is  difficult  to  see  how  there 
can  be  any  great  profit  from  $10  ore  which  has  to  stand  transportation 
charges  of  380  miles  to  the  smelter  at  Salt  Lake  City.  That  there  is  any 
profit  must  be  due  to  a  favorable  smelting  contract  with  the  United 
►States  Smelting,  Refining  and  Mining  Co.,  which  owns  a  large  interest 
in  and  manages  the  Richmond-Eureka.  The  ore  from  the  latter  fur- 
nishes a  necessary  and  valuable  flux  to  the  smelter. 

"  Eureka  was  the  real  birthplace  of  silver-lead  smelting  in  the  United 
States.  The  two  large  smelters  of  Eureka  were  in  operation  for  20  yeai*s. 
The  Richmond  was  closed  in  1890;  the  'Con'  in  1891.  When  the  Rich- 
mond was  built,  in  1871,  it  was  the  finest  thing  in  American  lead-smelting 
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pmrtiro.  Doubts  wm'  fvpn  --«  u  :i>  \,,  tho  jiistifiratinn  of  ro  mmli  jxr- 
fectioii  ill  view  «>f  thr  iiiurrtaiii  lift'  of  the  miiirs.  TliLs  Is,  «»f  cotirM*, 
anuisiii^,  \\\\vn  \\v  wiui  \\w  later  liiMt<»ry  of  the  latU'r.  Now,  nothing 
nuirli  rtMuaiiis  of  tlu»  ohi  works  evrrpt  tlio  Iuikp  .slag  (Iiiiii|ih.  On  the 
HichiiioiKi  >it«'  tln'n'  is  staiuliii^;  a  Miiall  riijMila  fiiriiarp  ami  a  few  piorot 
of  HLsty  ilismautleil  marliiiiery  that  it  w:is  not  worth  while  t4»  remove. 
On  the  'Con'  site  there  are  a  few  dismantled  sheds.  The  mU^n  of  the 
Hmaller  works  an»  strip|¥Ml  e(|iially  clean. 

"  However,  thenr  Ls  at  Kiireka  one  pfMxl  relie  of  the  piLst.  This  is 
the  Mataiiionus  smelter,  jiist  alnive  the  'Con.'  which  is  shown  in  one  of 
the  en^nivin^s.  Its  stone  fnrnaee  surmounteil  l»y  a  Ktranm*  piere  of 
inin-work  is  .a  |)rominent  sijiht  ti|x»n  arriving;  at  l-inn'ka.  The  Imilding 
in  whirh  it  stood  h:»s  fallen  di»wn  and  Ihmmj  <arried  away  for  InmlxT,  l)Ut 
the  furnaee  has  withstood  the  action  of  winil.  weather,  ami  vandals, 
nnd  remains  to-<lay  a  fine  example,  and  the  only  example,  <if  lu)W  smelting 
iwe<l  to  U*  done  at  Mnreka.  Tlie  date  of  its  erection  I  am  iinahle  to  say, 
hut  it  must  have  l>een  early.  The  ftirnace  is  constructed  of  the  '  firestone,' 
a.  refractory,  easily  cut  standstone  which  was  u.sed  in  all  of  the  early 
furnaces  at  Mureka.  Indeeil,  the  Mimka  C«in.soIidated  did  not  ahandon 
thus  construction  and  substitute  water-jackets  until  ISSI.  The  entire 
8hnft  of  the  Matamoras  furnace  is  constru<'ted  of  this  stone.  The  hrejist 
is  o|)en  —  a  sum|>-furnace.  The  curiotjs  structure  on  top  of  the  furnace 
\s  a  dust-<'atcher.  It  is  of  sheet-iron  lined  with  hrick.  In  the  top  there  Ls 
a  cireular  hole,  alxnit  IS  in.  in  diameter,  for  escaix»  of  the  pas.  At  the 
lx>ttom  a  steam-pi|)e.  I)ent  upward,  was  evidently  to  promote  the  draft. 
The  itiea  was  that  the  dust  carried  upward  from  the  <'harpe  would  lie 
checked  in  the  inverted  pyramid  and  would  .sli«le  down  the  sides  of  the 
latter  into  the  ftirnace  apain.  To  our  imtdern  ey«'s  this  is  an  anuisinp 
c«»ntriv:ince.  hut  at  th.at  time,  lie  it  nMnemU'n'd.  dust-collectinp  flues 
had  not  l>een  introduced.  Alongside  of  the  furnace  Ls  the  Sturtevant 
fan  which  furnished  the  hl.ast.  then  the  little  engine  which  dn»ve  the  fan. 
and  finally  the  lM»ilers,  set  al.so  in  fin*stone,  which  pn>dMced  the  ste.am. 
These  are  sh<»wn  cjuite  clearly  in  the  engraving. 

"The  old  metallurgists  were  fairly  skilful  and  the  ■■n  >  wvtv  of  e:i>y 
smelting  character.  Con.senuently  the  slags  are  not  very  rich;  certainly 
not  rich  enough  to  rew«)rk.  They  are  sai<l  to  contain  fn»m  2  to  ',\  ox. 
silwr  per  ton  an<l  I  t<»  2'  ',  lead.  However,  there  are  large  accumula- 
tioits  of  sfieLss.  which  may  .some  day  l>e  a  souree  of  value.  The  formation 
of  thLs  com|Mtund.  due  to  the  arsenic  in  the  ore,  was  always  a  great  trouhle 
to  the  Kureka  metallurgists.  They  could  not  clejinly  extract  its  gold, 
silver,  ami  lead,  and  cast  it  aside  in  ctmes.  which  gILsten  hrilli:intly 
on  the  dumpK  to-<iay.  I  was  informed  hy  an  ofhcial  who  had  long 
l»ern     connected    with     the     Kureka     CoiiHolidatf  '    •'    •     'he     amount 
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of  s{^iss  in  the  Eureka  nntl  Richmond  dumps  is  probably  between 
130,000  and  200.000  tons,  and  that  it  contains  30^,  arsenic.  3%  lead, 
2%  copjx'r,  and  2  to  3  oz.  silver  and  $3  to  $4  <j;old  per  ton.  If  these  figures 
are  approximately  correct,  there  is  in  these  dumps  a  great  resource  of 
arsenic,  enough  to  supply  the  domestic  consumption  for  many  years. 
The  high  jx^rcentage  of  arsenic  noted  in  the  bag-house  fume  at  the  United 
States  smelter  at  Salt  Lake  undoul)tedly  comes  from  the  smelting  of 
the  Eureka  ore." 

Subsequent  to  1875,  the  lead  production  of  tiie  Cottonwood  and  Bing- 
ham districts  of  TItah  fell  ofT,  but  the  decrease  in  the  output  from  these 
sources  was  much  more  than  compensated  for  by  the  great  yield  of  the 
Horn  Silver  Mining  Co.,  which  began  to  come  into  prominence  about 
1878.  The  mines  of  this  company  were  situated  in  the  San  Francisco 
mining  district,  near  the  town  of  Frisco,  240  miles  from  Salt  Lake  City. 
The  output  of  the  district  was  made  almost  entirely  by  two  companies, 
the  Horn  Silver  Mining  Co.,  owning  the  Horn  Silver  mine,  and  the  Frisco 
Milling  and  Smelting  Co.,  owning  the  Cave  and  Carbonate  mines.  Both 
of  these  companies  smelted  their  own  ore.  The  Horn  Silver  Mining  Co. 
originally  had  a  plant  at  the  mines,  but  that  proving  to  be  uneconomical, 
a  new  plant  was  erected  at  Francklyn,  near  Salt  Lake  City,  and  a  refinery 
was  also  erected  at  Chicago,  111.  For  about  five  years  the  production 
of  the  Horn  Silver  Mining  Co.  was  very  large,  as  appears  in  the  following 
table : 


Year 

Ore  Smelted 
Tons 

Lead  Assay 

Bullion  Produced 
Tons 

Lead  Sold 
Tons 

Average  Price 
per  cwt. 

1879]  

1880-     

51,758 

48,551 
42,663 
39,185 

36.12% 

37.79 
36.83 
30.91 

16,915 

16,127 
15,008 
11,603 

1,556 

3,900 

7,893 

14, .568 

14,991 

10,976 

$4.07 
4.53 

1881    

4.61 

1882 

4.60 

1883 

1884 

4.20 
3.50 

The  price  for  lead  in  the  above  table  is  what  was  realized  at  Chicago. 
Besides  the  ore  smelted  the  company  sold  6150  tons  to  other  smelters. 
Previous  to  the  sale  of  the  property  to  the  Horn  Silver  Mining  Co.  there 
had  been  smelted  16,299  toas  of  ore  assaying  an  average  of  38.49%  lead, 
which  produced  5180  toas  of  pig  lead.  The  total  output  of  this  famous 
mine  up  to  the  end  of  1884  was  204,607  toas  of  ore,  which  yielded  69,380 
tons  of  base  bullion  and  7,260,566  oz.  of  fine  silver. 

The  cost  of  mining  in  1884  was  S5.07  per  ton  of  ore.  Miners  were 
paid  S3. 50  per  day  and  laborers  $3.  The  smeltery  at  Francklyn  had 
five  furnaces,  which  reduced  39,185  tons  of  ore  at  a  cost  of  $13.29  per 
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ton,  but  the  t4ital  (|iiantity  of  material  snifltod,  incliKling  fliixra  nii<i 
fuel.  \\:is  KKl.OT'J  tons.  TIh"  r«»st  of  n-fiiiiiiK  \i:\M'  litillion  at  Chir.'mo  \v:im 
$S  jwr  ton.' 

In  ISST)  the  Horn  Silver  prrnlurtion  ilerlinrd  greatly,  and  in  lVS(i 
the  mine  U'ranie  practi<*ally  <lea«l.  Sul»s<'(Hient  to  this  lime,  thecliirf 
lea«l-pnulu(in>;  «li.strirt.s  of  I'tah  wrrt?  HiriKham  Canon  and  I'ark  Cify, 
the  latter,  discovered  in  IS7I,  having  attained  pniminenre  in  \S7'.i  when 
the  famous  Ontario  mine  wiis  o|N>nec|,  hut  :is  a  UmkI  i>rodu(er  it  did  not 
IxTonu*  of  great  signincanre  until  alniut  ISSI  when  the  Cn'srent  mine 
wiw  a  large  pnidurer.  Suhsecpient  t<»  1H.SI  the  lea«l  pnidtirtion  of  Park 
City  in<'rt'ju>«M|  very  largely,  and  at  the  pn-sent  time,  it  is  the  most  imjior- 
tant  1eatl-pn»duc'ing  «listri(t  of  Itah.  The  minen  at  Tintif,  Stockton, 
and  Alta  have  l»een  contintiously  worked,  hut  iluring  the  \iisi  20  years 
the  njajor  p«irtion  of  the  lead  prodtiction  of  I'tah  Uiis  Ijeon  <lerived  from 
the  ntines  of  Hiniiham  Canon  and  I'ark  City. 

'  I'nuhirlion  t»f  tl>c  I'rwious  MctuU  iti  the  United  Slaten,  Ilrjxirt  of  the  Din-ctor 
of  the  Mint.  ISSI. 
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STATISTICS    OF    PRODUCTION,    CONSUMPTION,    AND    PRICES 

The  statistics  of  lead  production  in  the  United  States  are  given  in 
the  following  table,  which  is  an  original  compilation  from  various  author- 
ities. The  figures  published  in  the  Mineral  Resources  of  the  United 
States  of  the  U.  S.  Geological  Survey  are  those  of  Whitney,  from  1S25  to 
1S53;  and  of  :\Ir.  Edward  A.  Caswell,  of  New  York,  from  1S54  to  1882. 
From  187.3  to  1882  Mr.  Caswell  gathered  annually  the  statistics  of  pro- 
duction with  a  painstaking  care  and  an  intimate  knowledge  of  the  busi- 
ness which  caused  his  figures  to  be  accepted  as  authoritative.  Since 
1882  statistics  have  been  collected  annually  by  the  U.  S.  Geological  Survey. 
About  the  same  time  the  Engineering  and  Mining  Journal  began  inde- 
pendent statistical  investigations,  the  results  of  which  were  published 
annually  in  The  Mineral  Industry  since  1892.  Unfortunatel}',  the  statis- 
tics of  The  Mineral  Industry  and  the  Mineral  Resources  do  not  always 
agree.  Moreover,  none  of  the  statistical  reports  are  complete  in  showing 
the  distribution  of  the  production  by  States. 

Production  of  Lead  in  the  United  States,   1830-1870 
In  tons  of  20001b. 


Year 

Tons 

Year 

Tons 

Year 

Tons 

Year 

Tons 

Year 

Tons 

Year 

Tons 

1830 

8,000 

1837 

15,300  ' 

1844 

26,000 

1851 

21,100 

1858 

19,500 

1865 

14,700 

1831 

9,500 

1838 

10,300 

1845 

31,000 

1852 

18,800 

1859 

21,000 

1866 

16,100 

1832 

9,750 , 

1839 

18,000 

1840 

30,000 

18.53 

19,. 500 

18G0 

20,200 

1867 

15,200 

1833 

10,500 

1840 

17,3.50 

1S47 

31,000 

18.54 

20, .500 

1801 

14,100 

1868 

16,400 

1834 

12,000 

1841 

20,000 

1848 

28,000 

1855 

19,,S00 

1802 

14,200 

1869 

]  7,500 

1835 

13,000 

1842 

19,700 

1S49 

26,200 

1856 

20,000 

1863 

14,800 

1870 

17,830 

1836 

16,.500 

1&43 

23,600 

18.50 

24,000 

1857 

19,800 

1864 

15,300 

In  my  present  compilation  I  have  modified  the  figui-es  of  Whitney 
and  Caswell  in  some  cases  where  such  appeared  advisable  from  an  exam- 
ination of  the  later  investigations  of  State  geological  surveys,  and  with 
respect  to  the  production  since  1882  I  have  adopted  the  figures  which 
apjjear  most  probable,  being  aided  in  this  by  the  reports  of  various  State 
commissioners  of  mines,  and  the  reports  of  the  Dii-ector  of  the  Mint  on 
the  "Production  of  Gold  and  Silver  in  the  United  States."     No  statistics 
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of  production  can  lx>  absolutely  correct  in  the  case  of  industries  which 
are  so  complex  as  the  metal  industries  of  the  United  States  have  recently 
become.  As  a  general  principle,  honestly  and  intelligently  collected 
statistics  should  fall  somewhat  short  of  the  actual  production,  because 
there  are  always  small  outputs  which  escajDe  enumeration.  But  under 
conditions  where  products  in  various  stages  are  passed  from  one  smelter 
to  another,  there  is  always  the  danger  of  a  duplication  of  reports,  two 
or  more  producers  counting  the  same  material,  and  the  total  will  then 
be  too  high.  The  statistics  in  this  chapter  are  prcsenteti,  therefore, 
simply  as  those  which  in  my  opinion  are  the  most  prol)al)lc. 

The  statistics  of  price  of  pig  lead  in  the  accompanying  table  are  based 
on  the  following  authorities:  London,  1801-1893  inclusive,  as  reported 
by  the  Metallgesellschaft,  Frankfurt  am  Main,  converted  into  U.  S. 
currency  by  Mr.  John  X.  Judson  (Report  of  the  Missouri  Geological  Survey 
on  Lead  and  Zinc.  I,  261).  As  specie  paj'ments  were  suspended  in  Great 
Britain  from  1797  until  about  1844.  the  prices  quoted  between  those 
dates  were  in  bank  paj^er,  gold  standing  at  a  premium.  The  figures  for 
the  years  subsequent  to  1893  are  also  as  reported  by  the  Metallgesell- 
schaft, but  have  been  converted  into  V.  S.  currency  by  me  on  the  basis 
of  £1  =  S4.87.  The  Xew  York  price.  1812-1869.  both  inclusive,  is  the 
wholesale  value  of  pig  lead,  according  to  data  collected  by  Wetherill  & 
Brother  of  Philadelphia,  and  published  in  The  Mineral  Industry,  III, 
408-409.  The  figures  for  the  years  subsequent  to  1869  are  as  given  by 
The  Mineral  Industry.  The  price  at  St.  Louis,  1844-1873,  is  as  given 
by  the  Report  of  the  Missouri  Geological  Survey  on  Lead  and  Zinc,  II, 
501.  These  data  being  compiled  by  so  many  different  sources  are  not 
strictly  comparable,  but  are  presented  as  the  best  available.  It  is  doubtful 
always  to  what  extent  such  figures  are  thorough  averages.  However, 
it  is  probable  that  from  1870  onward  the  Xew  York  and  London  prices 
are  fairly  comparable,  and  that  also  maj'  perhaps  be  said  in  general  as 
to  the  data  for  St.  Louis,  but  there  are  some  discrepancies  that  are  ob- 
viously improbable.  The  high  prices  at  St.  Louis  from  1862  to  1876 
are  evidentl}^  in  currency,  gold  being  at  a  premium. 

The  figure  given  for  the  average  price  at  St.  Louis  in  1888  is  prob- 
ably an  error,  inasmuch  as  the  St.  Louis  price  is  normally  lower  than,  the 
Xew  York  price,  and  anyway  there  could  be  no  such  difference  between 
the  two  markets.  Since  1893,  the  St.  Louis  price  has  been  from  0.10  to 
0.20  c.  per  lb.  below  the  X'ew  York  price.  Formerly,  the  St.  Louis  quo- 
tations represented  chiefly  the  Missouri  brands  of  lead,  either  the  ordinary 
Missouri  or  the  chemical  hard,  while  the  Xew  York  quotation  is  for  ordi- 
nary desilverized.  As  compared  with  the  latter,  the  ^lissouri  brands 
often  sold  at  a  slight  discount,  but  recently  the  two  kinds  of  lead  have 
sold  substantially  on  a  par. 
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The  statistics  of  production,  imports,  exports,  and  consumption  are 
given  in  the  following  table.  The  statistics  of  j)roduction  are  taken  from 
the  previous  tables.  The  statistics  of  imports  and  exports  include  lead 
in  pigs  and  bars,  manufactures,  and  old  lead,  up  to  1866  inculsive;  after 
that  pig  lead  only.  The  figures  are  for  fiscal  years  ending  Sept.  30,  prior 
to  1843;  for  fiscal  years  ending  June  30,  from  1843  to  1886,  inclusive; 
since  1886,  calendar  years.  The  figures  of  consumption  represent  simply 
the  production  plus  the  imiK)rts,  minus  the  ex]M)rts.  For  any  single 
year  they  are  likely  to  be  incorrect,  because  statistics  com])uted  in  this 
way  fail  to  take  into  account  the  difference  in  stocks  on  hand  at  the  begin- 
ning and  end  of  the  year,  but  over  a  series  of  years  they  indicate  closely 
the  actual  progress  in  consumption. 

Production  and  Consumption   of  Lead  in  the  United  States 


Year 

Production 

Imports 

Exports 

Consump- 
tion a 

Year 

Production 

Imports 

Exports 

Consump- 
tion a 

1791 

b 



1,056 

Nil 

1,056 

1822 

1,900 

2,603 

33 

4,470 

1792 

h 

863 

Nil 

863 

1823 

2,068 

1,711 

26 

3,753 

1793 

b 

763 

Nil 

763 

1824 

1,987 

1,353 

9 

3,331 

1794 

b 

985 

Nil 

985 

1825 

2,232 

2,997 

95 

5,134 

1795 

b 

1,535 

Nil 

1,535 

1826 

2,379 

2,930 

24 

5,285 

1796 

b 

1,038 

Nil 

1,038 

1827 

4,490 

3,993 

25 

8,458 

1797 

b 

416 

Nil 

416 

1828 

7,452 

4,038 

38 

11,452 

1798 

b 

338 

Nil 

338 
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8,571 

820 

90 

9,301 

1799 

b 

1,484 

Nil 

1,484 
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8,000 

356 

64 

8,292 
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b 
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9,500 

1,054 

76 

10,478 

1801 

b 

1,167 

Nil 

1,167 

1832 
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XIV 

COMMERCIAL  CONDITIONS 

In  the  previous  chapters  I  have  presented  the  statistics  of  lead  pro- 
duction and  consumption  in  the  United  States,  together  with  the  statis- 
tics of  price;  have  outlined  the  progress  in  metallurgical  practice;  and 
have  traced  the  mining  developments  in  the  important  lead-producing 
districts,  taken  up  separately.  It  remains  to  summarize  these  facts, 
and  add  to  them  the  records  of  commercial  conditions  affecting  the  in- 
dustry as  a  whole  in  order  to  give  an  accurate  insight  into  the  economic 
development  of  lead  mining  in  the  United  States. 

The  I'nited  States  was  favored  by  nature  with  bountiful  resources 
of  lead  ore.  At  the  present  time  its  production  of  lead  is  greater  than 
that  of  any  other  political  division  of  the  world,  a  statistical  position 
which  has  been  held  since  1897,  and  indeed  since  1880,  if  we  except  a 
period  when  it  was  surpassed  by  Spain.  Other  countries  have,  or  have 
had,  many  important  lead-producing  districts;  in  some  cases  great  lead- 
producing  districts,  like  Sierra  Mojada  in  Mexico,  and  Broken  Hill  in 
New  South  Wales,  but  no  other  country  has  had  so  many  great  lead- 
producing  districts  as  the  United  States. 

In  the  preceding  chapters  it  has  stood  out  clearly  that  the  most  power- 
ful factors  in  the  development  of  the  great  lead  resources  of  the  United 
States  have  been:  (1)  Discovery;  (2)  p^o^^sion  of  railway  transportation; 
(3)  improvements  in  mining  and  metallurgical  practice,  especially  the 
latter. 

Discovery  as  a  factor  is  largely  fortuitous.  The  ore  exists  where 
nature  has  deposited  it.  It  remains  only  for  man  to  find  it.  When  and 
how  he  may  find  it  is  more  a  matter  of  chance  than  anything  else.  The 
uncovering  of  a  great  deposit  of  easily  mined  ore  has  an  immediate  and 
unforeseen  effect  on  the  market  for  the  metal  and  may  completely  upset 
pre\dously  existing  conditions.  We  have  seen  how  this  has  been  in  the 
cases  of  Eureka,  Nev.,  and  Leadville,  Colo.,  especially.  In  the  cases 
of  deposits  which  are  less  easily  worked,  like  those  of  the  Coeur  d'Alene, 
Idaho,  and  the  disseminated  ores  of  southeastern  Missouri,  the  develop- 
ments have  been  more  gradual  and  the  effect  on  the  industry  has  con- 
sequently been  less  sudden.  No  connection  can  be  established  between 
new  discoveries  of  the  first   order,  and   causes   which   have  created  an 

206 


COMMKUCIAL  CONDITIONS  .H\7 

incmiscd  dotnami  for  the  metal.  It  i.s  true  that  niuttintinnH  in  the  de- 
niaml  for  the  metal  have  increased  and  deereju^ed  the  mining  f)f  lead 
ore  ill  a  i)<)\verful  way,  but  pmsiJectiiiK  is  ^oin^  on  all  the  time  ami  Ls 
praetically  in<le|)endent  of  the  demand  for  any  particular  metal.  A 
pn)S|KM'tor  may  Ik'  lookiiiK  es()e<Mally  f<»r  a  copjier  mine,  liccau.se  the 
price  for  cop|H'r  is  hij;h  and  cop(HT  mines  arc  eagerly  desirecl,  an<l  in-^tc-ail 
of  cop|)er  ore  may  find  lead  ore.  In  prosjHjcting  for  ^old  he  may  iind 
cop|>er. 

Hilt,  althoujih  the  discovery  of  ore  (lei)osit.s  is  chiefly  fortuitous,  the 
pmKre.xs  iti  the  science  of  economic  gcolony  h;us  greatly  impn»ved  the 
ability  of  the  pros|KMtor  to  pn>se<'ute  successfully  his  .•search  for  ore.  and 
of  the  niiner  to  estimate  the  value  of  his  discoveries.  A  few  examples 
of  how  the  advance  in  geological  knowledge  has  U'en  a  factor  in  the  de- 
develoj)ment  of  our  mineral  resources  may  l>c  u.sefully  mentioned.  .Mo.>ies 
.Vustin.  who  was  prol)al)ly  the  most  ex|x?rt  lead  nnner  and  smelter  in 
America  in  his  day.  had  a  high  opinion  of  the  sujK'rficial  defKisits  of  lead 
ore  in  Mis.souri.  which  opinion  was  douI)tle.ss  justified  l>y  the  knowledge 
existing  KMJ  years  ago.  hut  at  i)rc.'<ent  the  occurrences  which  he  observed 
would  command  hut  slight  attention.  Many  attemjits  were  made  t<i 
mine  lead  ore  in  the  K:istern  States  by  adventurers  who  thought  they 
ha<l  large  dejxisits.  Without  doubt  they  did  apiK'ar  large  to  them,  l)e<"ause 
never  having  seen  a  really  large  defxisit  they  lacked  all  .K'n.sc  of  pn»|)or- 
ti«)n.  but  to  an  engineer  who  had  gained  ex|)erience  at  lOureka,  at  Ix^ad- 
ville.  or  in  the  Cnur  d'Alene.  most  of  the  mines  of  the  Kastern  States 
w»>ul<l  ap|)ear  simply  laughable. 

I  have  elsewhere  rcmarke<l  how  the  discovery  of  rich  on-  at  White 
I'ine.  Nev..  in  a  limestone  formation  was  the  prime  cause  of  directing 
attention  to  the  mineralization  of  the  sanic  kind  of  n)ck  at  Kun'ka,  Nev., 
and  ever  afterward  pros|)ectors  looked  esfx'cially  for  great  de|>osit.s  of 
lead  ore  in  limestone  formation:  not  that  limestone  had  not  |)reviously 
l>een  known  as  a  kindly  rock  for  the  deiN>sition  of  lead,  but  that  it  remained 
for  the  discovery  of  the  Kurcka  l)onan/.:us  to  impress  the  fact  on  all  minds. 
Similarly,  the  discovery  of  g«)ld  in  the  andesite  and  phonolite  of  Cripple 
Creek,  in  1S')I.  right  in  the  shadow  of  Pike's  Peak,  a  district  that  hat!  l)ecn 
overlo<»ke<I  by  pros{)ectors  ever  since  IS.')*),  (ontribuied  largely  to  the  rich 
•  li.scoveries  at  Tonopah.  (loldfield,  and  Bullfrog  jilxtut  10  year><  later. 
PrcvioiLs  to  1S91  American  prospectors  did  not  know  that  gold  occurred 
in  the  antlesite  class  of  n)cks.  The  "heavy  n)ck  "  that  Ie<l  A.  H.  Wood 
to  the  di.scovery  of  the  carl>onato  dejxisits  of  Ix^adville  doubtless  trouble<l 
the  placer  mincrH  of  old  Oro  iwm  the  very  l)eginning  of  their  o|icmtionft 
in  ISIM).  Where  wiis  the  pnKsjjector  of  ISSO  who  would  not  have  iden- 
tified it? 

I>eadvillc  w  iwrha|is  still  the  licst  example  of  the  succcHsful  appliea- 
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tioii  (»f  tlic  modern  science  of  ccononiic  geology,  as  certainly  it  was  one 
of  the  earliest.  Soon  after  the  importance  of  the  district  was  recognized, 
Mr.  S.  F.  Emmons  was  sent  there  by  the  U.  S.  Geological  Survey.  His 
monograph,  which  is  one  of  the  classics  of  the  literature  of  economic 
geology,  was  not  published  until  the  tlistrict  was  decidedly  on  the  wane, 
but  fortunately,  a  summary  of  his  work,  together  with  his  most  impor- 
tant geological  maps,  were  early  made  available  and  proved  to  be  of  the 
utmost  importance  in  the  development  of  the  district.  Emmons's  work 
on  Leadville  alone  is  sufficient  justification  of  the  existence  of  the  U.  S. 
Geological  Survey.  As  a  miner  in  Leadville  during  the  eighties  I  can 
personally  testify  as  to  the  esteem  in  which  it  was  held  as  a  practical 
guide  by  miners  of  all  classes,  and  the  frequency  with  which  the  geological 
maps  hung  in  the  post-office  w^ere  studied  by  booted  and  canvas-clothed 
pros{x?ctors. 

One  more  instance  of  the  application  of  modern  methods  to  prospect- 
ing for  lead  ore:  The  disseminated  deposits  at  Bonne  Terre,  Mo.,  were 
discovered  by  diamond  drilling,  this  being  one  of  the  first,  if  not  the 
first,  uses  of  the  dianiond  drill  for  prospecting  for  lead  ore.  Itr  has  ever 
since  then  been  the  most  instrumental  factor  in  the  development  of  the 
lead  resources  of  that  region,  and,  in  connection  with  the  study  of 
the  geological  conditioas  which  extended  the  area  of  the  field  toward  the 
end  of  the  eighties,  has  made  of  this  the  lead-producing  district  of  the 
United  States  which  ranks  second  in  importance. 

Coming  to  the  second  of  the  dominating  factors  in  lead  production 
of  the  United  States,  viz.,  railway  transportation,  we  reach  that  which 
has  Vjeen  of  supreme  importance.  The  deposits  of  lead  ore  having  been 
discovered,  the  first  cjuestion  was  the  smelting  of  the  ore  and  the  next 
question  was  the  transportation  of  the  product  to  market;  but  the  his- 
tory of  the  West  shows  that  comparatively  little  could  be  accomplished 
in  smelting  until  the  railway  was  at  least  near  at  hand.  The  early  lead- 
producing  districts,  Missouri  and  Wisconsin,  were  situated  near  a  great 
water-way  —  the  Mississippi  River  —  and  the  forwarding  of  their  product 
to  market  was  never  a  serious  problem,  while  the  railways  reached  St. 
Louis  and  Chicago  at  a  comparatively  early  time,  the  first  continuous 
line  from  the  Atlantic  coast  to  Chicago  having  been  completed  in  1853, 
and  to  St.  Louis  a  year  or  two  later.  From  St.  Louis  and  Chicago,  respect- 
ively, to  the  lead  fields  of  Missouri  and  Wisconsin  the  distances  were 
comparatively  short.  At  the  close  of  the  Civil  War,  w^hen  promising 
deposits  of  lead  ore  were  being  found  in  Utah  and  Nevada,  the  western 
terminus  of  the  Union  Pacific  railway  was  a  little  west  of  Omaha.  The 
Hannibal  &  St.  Joseph  had  carried  the  railway  system  to  the  Missouri 
River  in  1859.  The  Central  Pacific,  building  eastward  from  Sacramento, 
reached  the  eastern  boundary  of  California  in  January,  1868.     The  trans- 
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portation  by  wa^nn  of  on*  and  metal  to  those  (MiintM  wum  out  of  the 
question. 

Wo  may  ca.sily  picture  lh«'  ea^rrnesM  with  wliirh  the  completion  of 
the  Pacific  niilway  was  awaittnl  hy  thoasandM  of  minerH.  Iih  line  wmi 
to  pass  not  far  to  the  north  of  s«tMie  of  the  im|Mirtant  pr<».siK'ctM  for  l»ase 
metal  ore  in  I'tah,  an«l  only  a  little  further  to  tin*  n<trth  of  .M>me  of  the 
best  in  Nevatla.  {'\h}u  the  driving  »»f  the  last  spike  this  whole  regi<m 
w«»ulil  Im-  put  practically  in  direct  cormeclion  with  lioth  the  Atlantic 
and  Pacific  coasts.  It  would  1h'  only  a  few  months  more  Ixfore  branch 
lines  w«>uld  make  the  actual  connection. 

In  fa<"t.  the  l>eginninj;  of  argent iferous  lead  Tiunuig  in  tin*  c(»unlry 
west  of  the  Uocky  .Mi»untains  was  the  imme<liate  con.s<*<juence  (»f  the 
eompletion  of  the  Pacific  railway,  which  may  Ik?  fairly  estimated  us  the 
gn^atest  I'vent  in  the  history  of  the  industry  in  thel'nitnlStates.  Within 
u  year  afterwanl  the  furnaces  of  l^ureka  ami  the  camps  near  Salt  Lake 
were  Ix^girming  to  pour  their  |)roduct  of  lead  bullion  to  the  l-jist  and 
West,  .\fter  that  the  trans|)ortation  problem  was  a  comparatively 
simple  matter.  .\  branch  line  was  .soon  built  to  Salt  Lake  atid  thence 
other  branches  were  extendetl  to  .\lta  and  Hingham.  Fnmi  Pali.sude 
a  line  was  run  down  to  Mureka.  Other  transcontinental  lines  U-gan  to 
come  across  tlu*  plains.  The  Santa  I'e  built  westward  through  Kan.sas, 
the  Northern  Pacific  fn)m  St.  Paul.  The  Southern  Pacific  link<Hl  the 
Atlantic  and  Pacific  through  the  southern  part  of  tin*  country,  furnishing 
means  for  tnins|>ortation  in  .Arizona  and  New  .Mexico.  The  narrow- 
gauge  sy.stcm  of  railway  was  Iniilt  through  Colonido  by  the  Denver  & 
Kio  (Inuide.  l'|M»n  the  <li.scovery  of  new  deinisits  «»f  lead  «»re.  waiting 
for  railway  commimication  was  only  a  matter  of  a  few  months  when 
the  prosiKH-ts  warrantetl  the  construction.  The  first  ore  8hip|)e<l  from 
lieadville  ha«l  to  go  by  wagon  only  to  Colorado  Springs.  It  was  only 
a  little  while  U-fore  the  Kio  (Irande  was  fighting  its  way  up  through 
the  (Irand  ('arum  of  the  .\rkansa«.  The  first  ore  from  the  C'leur  d'.Mene 
ha«l  to  l>e  ship|>o«l  to  Helena.  Mont.,  but  in  the  following  year.  I.VS7.  a 
narn»w-gauge  milway  was  complete<l  to  Wanlner  Junction,  and  the  On^gon 
liiiilw'uy  and  Navigation  Co.  and  the  Northern  Pacific  railway  were  Uith 
striving  to  .secun*  entnmce  into  the  district.  It  was  only  the  districlM 
of  inferior  iminirtance  that  sufTeretl  from  lack  of  tninsiM»rtati«)n  facilities, 
just  OH  some  of  them,  in  Idaho  for  example,  still  sufTer,  htit  the  extension 
of  niilways  was  nipid.  Then*  wjis  scarcely  a  mining  canip  of  any  ron- 
setjnence  in  Colonido  which  could  not  U"  reache<l  by  railway  in  ISSS,  only 
10  years  after  the  excitement  at   I.<eadville  had  come  to  its  high  pilch. 

In  the  early  <lays  the  fn-ight  rat<»s  chargeil  by  the  railways  were  high. 
S»me  figures  lieuring  U|>on  this  have  l»een  given  in  the  chapter  on  Nevada 
and  Utah.     However,  the  lines  had  lieon  constructed  at  high  cost,  and  in 
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some  cases  to  mining  tlistricts  of  uncertain  life,  making  it  important  that 
the  builders  should  recoup  the  first  cost  as  rapidly  as  possible.  More- 
over, the  conditions  of  approximately  equal  loads  in  both  directions  had 
not  been  developed;  in  some  cases  never  could  be.  In  other  respects 
the  cost  of  railway  operation  was  often  very  high.  At  the  same  time 
there  have  doubtless  been  many  evils  in  the  railway  transportation  ques- 
tion, such  as  the  levying  of  rates  at  the  maximum  certain  ores  would 
stand,  at  far  more  than  the  actual  cost  the  service  would  justify,  and 
especially  in  discrimination  among  certain  places  for  the  sake  of  favor- 
ing those  which  best  suited  the  railway  interests.  Thus,  in  Colorado 
at  about  1885-1887,  the  discrimination  of  the  railways  against  Leadville 
in  favor  of  Denver  and  Pueblo  made  smelting  at  Leadville  quite  unprofit- 
able, although  it  cannot  be  said  that  this  policy  was  contrary  to  the 
interests  of  the  miners.  But  on  the  whole  the  policy  of  the  railway 
managers  has  been  broad  and  liberal,  being  based  on  the  theory  that 
where  the  profit  was  to  be  sought  was  in  the  movement  of  the  largest 
possible  tonnage  of  material,  and  rates  have  been  made  to  conform  to 
that  theory.  It  is  impossible  to  make  a  uniform  rate  on  ore.  Some 
special  ores  are  absolutely  required  by  the  smelters  for  fluxing  purposes, 
and  in  order  to  enable  the  miners  to  produce  those  ores  it  may  be  neces- 
sary for  the  railways  to  aid  by  carrying  them  at  less  than  the  actual  cost, 
when  of  course  the  deficit  must  be  made  up  on  the  ores  of  higher  value 
which  are  able  to  stand  a  higher  charge  for  freight.  In  general  the  freight 
rates  per  ton-mile  on  ore  and  bullion  have  trended  steadily  downward, 
and  since  1870  the  total  reduction  has  been  large. 

The  history  of  the  progress  in  metallurgical  practice  has  been  so  fully 
recited  in  previous  chapters  of  this  work  that  it  is  unnecessary  to  enter 
into  further  discussion  of  it  here.  Comparison  of  the  figures  given  for 
the  cost  of  smelting  in  Nevada  and  Utah  in  1871,  at  Leadville  in  1881, 
and  at  Denver  and  Pueblo  in  1891  and  1901,  shows  the  wonderful  economy 
that  has  been  effected  in  this  step  in  the  production  of  lead.  This  economy 
together  with  that  in  railway  transportation  has  steadily  enabled  a  lower 
and  lower  grade  of  ore  to  be  mined  and  marketed,  and  the  production 
of  lead  has  been  heavily  increased,  year  after  year,  by  the  establishment 
of  that  condition.  We  need  only  to  reflect  upon  what  is  being  done  at 
the  present  time  to  appreciate  the  immense  importance  of  these  economies. 
Leadville  is  to-day  producing  a  larger  tonnage  of  ore  than  in  its  whole 
history.  The  larger  part  of  it,  indeed,  is  non-lead-bearing,  but  never- 
theless there  is  sufficient  lead  ore  included  in  the  output  to  cause  Lead- 
ville to  rank  among  the  five  chief  lead-producing  districts  of  the  United 
States.  It  is  doubtful  if  there  are  more  than  one  or  two  mines  at  Lead- 
ville to-day  which  could  be  operated  successfully  under  the  conditions 
of  1881.     From  Leadville  we  turn  to  Eureka,  Nev.,  and  see  the  mines 
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which  ha<l  lirromo  unpnifital»lr  lowunl  tho  vmi  i»f  the  ciKhtioM  now  Umur 
rtH»|H'iuHl  with  fair  |»n».sjHM't.s  of  lKMMllllill^  hirm*  priMltHrrs  aKaiii;  in  fart, 
the  Iow-j»rath'  aw  that  was  thrown  away  in  the  farly  thiys  is  aln*u(ly 
bciiif;  .shipiNHl  for  HineUing  at  Sah   L'lke. 

The  eronoinies  in  mining  have  als«»  l>e<»n  r<intribut«>ry  to  the  uhihty 
to  pHKluce  Kiwer  praties  of  on*,  hut  on  tlie  whole  to  a  c«u»Mitlerahly  leiis 
extent  than  the  economies  in  smehing  and  trans{»ortation.  Ye^  it  might 
be  tn)uhlesome  to  .supi>ort  this  conchision.  C'l'rtainly  it  wouhl  not  lie 
true  for  all  districts.  The  cost  of  mining  is  an  exln-mely  ditiicult  factor 
to  analyze.  When  we  talk  alxnit  the  cost  of  carriage  and  smelting  of  a 
ton  of  ore  we  s|H»ak  «>f  .something  «le(inite  and  know  preci.sely  what  is 
meant.  On  the  other  hand  a  statement  <»f  the  cost  of  mining  p«'r  ton 
of  ore  may  niean  any  one  of  several  things.  It  may  mean  the  c«wt  tif 
extraj'ling  all  the  material  hoisted  fn>m  the  mine,  or  the  cost  of  only  a 
part  of  it,  the  other  part  In-ing  tlirown  away  as  waste  and  not  counte<l. 
It  may  represent  only  the  cost  of  getting  the  ore  after  discovery,  or  it 
may  include  the  cost  of  finding  the  on',  the  two  «»i)enitions  usually  going 
on  contemjKinineously.  In  almost  no  case  does  it  include  the  cost  «»f 
the  original  deadwork  and  the  ecpiipment  of  the  mine.  M«>reover,  the 
cost  of  mining  in  the  siime  pro|x'rty  may  Ik*  sul»je<t  to  great  variations 
because  of  changes  in  conditions,  geological  and  othe^^vi.«^^  A  compani- 
tive  stutly  «»f  the  cost  of  mining  in  a  single  pn>perty  is  often  of  great  value; 
indee<l  the  compari.'«)n  U^tween  different  pn»|>erties  is  <if  value  wheti 
subje<'tcMi  to  can'ful  te<hni<al  analy.^^is.  But  to  make  comparisons  of  the 
bare  figures  of  reiM)rte<l  costs  jht  ton  in  widely  M'panitcnl  districts,  at 
long  intervals  apart  in  tinje,  is  next  to  useless. 

The  relative  im|H)rtance  of  the  economies  effectetl  in  the  costs  of  min- 
ing and  smelting  may  {x>rha|M  Im»  l)e.st  illustnite<l  by  reference  to  the 
figures  of  Kureka,  Nev.  The  cost  of  mining  and  <lelivering  ore  to  the 
furnaces  in  IS7'2  was  a  little  less  than  $.S  jn-r  t«»n.  In  1S73  mining  and 
carting  were  dt»ne  as  low  as  $7  jier  ton,  the  ro.st  of  mining  alone  Itein^ 
So  jier  t<m  (Richmond  conipany).  The  conditions  at  liun'ka  at  that 
lime  were  conducive  to  cheap  mining,  but  without  attem|iting  any  c«im- 
|taris4>nM  we  shouKI  consider  ore  mine*!  at  a  ctwt  of  $.')  |x»r  ton  anywhere 
in  the  ctnmtry  west  of  the  Rocky  Moimt.'tins  to  l»e  rea^»nal»ly  e<^onom- 
ically  pnNiuce<l  at  the  pn>s<M»t  time.  In  l.VslJ  the  co.st  of  mining  to  iho 
Richmond  company  had  ri.>«en  to  $i:{  |ier  ton,  and  in  ISS4  it  was  fl.SXi 
I»er  ton.     By  that   time  the  ■  \    had   extnictetl   its  great   tin 

•  if  easily  mineil  ore  and  was  i  ly  s|tending  large  sinns  in  v\\ 

tor)*  work,  which  is  a  rimmI  illustration  of  the  difliculty  in  making  any 
roncIiLsive  analysis  <if  tliis  subj«Tt ,  to  whiclj  attention  has  lie«Mi  calU**! 
.d>oNc.  The  cost  of  mining  to  the  lb»m  Silver  c»»njp:iny.  of  |'ri.«*ro.  I'tah, 
HI  ISS4  was  iinly  STi.O?  per  ton. 
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Xow.  on  the  other  hand,  lot  ns  examine  some  of  the  figures  of  cost 
of  smelting.  In  1873  this  cost  the  Richmond  company  S17  per  ton. 
The  cost  to  the  Ruby  company  was  $17.50,  and  to  the  Kureka  company, 
S1S.37.  In  1883  the  cost  to  the  Richmond  company  was  only  $11.66 
per  ton.  If  smelting  were  to  be  done  at  Eureka  at  the  present  time, 
the  cost  would  be  considerably  less  than  that.  At  Denver,  Colo.,  in  1894, 
the  cost  had  been  reduced  to  approximately  $5  per  ton,  which  of  course 
is  not  a  fair  basis  for  comparison  with  Eureka,  where  the  conditions 
were  decidedly  difTerent,  but  is  nevertheless  illustrative  of  the  great 
economy  that  had  then  been  effected  in  general  smelting  practice. 

Not  less  instructive  is  a  comparison  of  the  charges  for  refining  bullion. 
In  1872  the  cost  of  carrying  the  bullion  of  Eureka  to  San  Francisco  and 
refining  it  there  was  $78  per  ton.  In  1874  the  transportation  charges 
were  only  $32.10  }3er  ton.  In  1884  the  cost  of  refining  base  bullion  at 
Chicago  was  $8  per  ton;  in  1901  it  was  $4  per  ton.  The  matter  of  smelt- 
ing costs,  however,  is  only  half  the  story.  Of  equal  importance  is  the 
percentage  of  metals  extracted.  In  this  there  has  been  a  great  and 
steady  improvement.  Instead  of  the  high  losses  of  lead  and  silver  expe- 
rienced in  the  early  days  of  smelting  in  Nevada  and  Utah,  which  have 
been  discussed  in  the  chapter  on  metallurgy,  in  modern  practice  there 
is  a  recovery  of  95%  of  the  lead  and  98%  of  the  silver  contained  in  the 
ore  smelted.  Converted  into  dollars  and  cents,  on  the  basis  of  the  average 
ore  smelted,  the  gain  in  this  respect  has  been  enormous.  Even  in  refining 
the  advance  has  been  not  less  noteworthy.  Whereas  in  1873,  base  bullion 
was  purchased  on  the  basis  of  its  gold  contents  at  the  assay  value  less 
$2  per  oz.;  for  its  silver  contents,  less  5  oz.,  at  the  assay  value,  and  for 
only  88%  of  the  lead;  in  1901,  the  terms  were  gold  at  $20  per  oz.,  silver 
at  the  New  York  price,  less  1  c.  per  oz.,  and  98%  of  the  lead. 

We  can  scarcely  escape  the  conclusion  that  on  the  whole  the  improve- 
ments in  transportation  and  smelting  have  been  decidedly  more  impor- 
tant in  increasing  the  production  of  lead  in  the  United  States,  through 
enabling  lower  and  lower  grades  of  ore  to  be  mined,  than  have  the  im- 
provements in  mining.  This  is  because  labor  is  one  of  the  heaviest  items 
both  in  mining  and  smelting,  but  more  so  in  the  former  than  in  the  latter, 
and  the  wages  for  labor  have  experienced  comparatively  little  reduction 
in  the  country  west  of  the  Rocky  Mountains  since  1871.  But  in  smelting 
there  has  been  introduction  of  labor-saving  devices  to  vastly  greater  extent 
than  in  mining.  This  is  not  to  say  that  the  mining  practice  has  been 
backward;  on  the  contrary  it  has  been  highly  progressive;  but  the  under- 
ground conditions  of  a  metal  mine  do  not  so  readily  permit  the  installation 
of  mechanical  means  for  handling  material  as  do  the  conditions  of  a  smelting 
works,  which  can  be  laid  out  just  as  its  designer  desires.  Even  in  a  coal 
mine  the  conditions  are  more  favorable  than  in  the  generality  of  metal  mines. 
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Novrrtholcss.  nuniii;;  prartiro  \v.\n  Imh-m  prrally  itnprovo<l  by  tho  intro- 
duction «»f  U'ttrr  forms  of  niadiino  drill,  and  rsjuTially  l)y  tlicir  inoro 
extonsivp  oniploytniMit,  hy  the  al>ility  to  nenirp  u  higher  grade  of  cxplc>- 
sivf.s  and  U'ttrr  kn«»\vled^r  jus  to  tlu'ir  usv.  I»y  the  intn»dii<-tion  <»f  more 
ctiicitMit  ty|K>s  of  iiitisting  engines  and  piim|is  and  tlic  many  other  form.4 
of  niachines  that  arc  recpiired  in  aiui  alMiut  a  mine.  Most  inifxirtant  of 
all  h.'ts  UtM)  the  invention  «»f  impmvi'd  jnethttds  of  sl«ipitif?,  some  systenw 
dis|x>nsinK  with  the  use  of  timlnT,  otlu-rs  employing  it  in  a  more  econom- 
ieal  manner  than  formerly.  The  art  of  tin)l)ering  itself  hiw  advanced 
with  inrre:usetl  kn«)\vledjje.  These  have  l>een  im|)ortant  developments 
l»eea»ise  the  rost  of  timU'r  h:Ls  increas^'d  i\s  time  Iuls  ^one  on  and  it  luts 
IxM-omo  nece.ssary  t<»  cut  it  further  and  further  from  the  mines.  Timlier- 
franunn  machines  have  U'en  introduced  with  marked  economy.  Drill- 
sharjieninf;  nuichines  have  recluced  the  cost  r)f  shar|)eninK  steel.  New 
methotis  of  hoisting,  such  as  the  hoisting  liy  skijw  from  large  underground 
ore  l)ins.  have  ch«'aj>ened  tliat  it<'in  of  mining  cost.  The  trarL«mission 
of  hydn)-<'lectri«*  jMiwer  and  its  utili/ati(Ui  for  hoisting  and  pumping  luw 
leil  to  great  economy  in  <-ertain  districts.  The  dianumd  drill  hjw  In-en 
a  powerful  factor  in  rtMlu<ini:  the  cost  of  exploration  work.  .Ml  of  these 
improvements,  together  with  «tthers  that  have  not  U'en  mentioned,  have 
contril»»ited  to  «iur  prc-^ent  aliility  to  produce  ores,  not  only  lead  orw 
l»ut  also  on*s  «)f  other  metals,  which  only  a  few  years  ago  couKl  not  lie 
worked  profital>ly. 

Not  le.ss  in  im|K)rtance  have  l)een  the  improvements  in  methods  of 
ore  dn".*ising,  in  which  art  the  cost  of  o|ieration  \\:is  l)een  materially  reduced, 
while  the  i)t^nentage  of  mineral  extraction  has  l>een  greatly  increased. 
Moreover,  it  luis  lieeome  i)o.ssil)le,  es|)ecially  during  the  last  10  years,  to 
separate  successfully  ores  that  previously  c<»ulil  not  lie  worked  pn»(ital»ly. 
I'or  example,  the  mixed  sulphide  ore  of  Ix'adville,  ('<ilo.,  which  alnjul 
1S89  it  ijeeame  unprofitahle  to  dre.ss  hy  the  methods  in  vogue  at  that 
time,  .so  that  the  mills  had  to  l)e  clo.«ie«l,  could  l>e  successftilly  treated 
liy  impn»vetl  methods  le.ss  than  10  years  later.  The  invention  of  the 
Wilfley  tahle  in  1S{)0  marked  a  new  era  in  the  art  of  ore  drewing 
and  atlded  in.aterially  to  the  pnnlmtion  of  lead.  I'ntfessor  Hichanls 
refers'  t<»  the  ap|)earance  of  the  Wilfley  tal)le  :ts  "a  n>ost  fortunate 
event  for  the  eati.sc  of  ore  dressing."  It  prt)vide<l  nn  eflieienl  mrniks 
for  the  wjishing  of  finely  cnished  ore  and  thereby  rendered  |)o.ssilile  the 
concentration  of  ores  that  requiretl  fine  crushing  to  free  their  constituent 
minend.s.  Ten  years  later,  in  1006,  impniN-Cii  metho«b»  of  mn|(netie 
separation.  an<l  certain  entirely  new  pn»cesses.  such  jls  flotation  and 
ele«tn»static  separation,  a<hled  to  our  ability  to  treat  dillicult  ores. 

Although  the  eeonomies  in  mining  and  ore  dressing,  in  jixiking  l>:irk 

'  I'rrfnrr  I41  i  irr  Drnwinit 
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40  years,  have  been  loss  spectacular  than  those  in  smelting  and  trans- 
portation, they  have  nevertheless  been  of  high  importance,  because  even 
if  small  ix'r  ton  of  ore  the  saving  is  multiplieil  by  a  large  factor.  Thus, 
if  the  ore  be  of  a  character  which  requires  a  concentration  of  10  tons 
of  the  crude  ore  into  one  ton  of  mineral  suitable  for  the  smelter,  the  reducT 
tion  of  SI  l^er  ton  in  the  exj^ense  of  mining  and  milling  is  equivalent  to 
$10  per  ton  of  smelting  ore.  For  this  reason  the  little  economies  are 
especially  im))ortant  in  the  cost  of  producing  lead  from  very  low-grade 
ore,  such  as  the  disseminated  ore  of  Missouri.  In  its  case,  and  in  fact, 
in  the  case  of  low-grade  concentrating  ores  generally,  the  improvements 
in  mining  and  milling  have  been  superior  in  importance  to  those  accom- 
plished in  smelting. 

The  relative  importance  of  improvements  in  mining  and  ore  dressing 
with  respect  to  the  improvements  in  smelting  has  steadily  been  increasing 
during  the  last  20  years,  and  hereafter  the  former  will  doubtless  be  the 
predominating  factor  as  probal^ly  it  has  been  for  some  time  past.  This 
is  because  the  art  of  smelting  has  now  been  so  highly  developed  that  the 
room  remaining  for  improvement  is  small.  Indeed,  smelting  has  been 
in  some  respects  brought  nearly  to  perfection,  as  for  example,  in  the 
matter  of  metal  extraction,  it  being  now  possible  to  win  commercially 
as  high  as  98.5%  of  the  lead  of  the  ore.  On  the  other  hand,  the  major 
part  of  the  lead  now  produced  in  the  United  States  is  derived  from  low- 
grade  ore,  which  has  to  be  concentrated  mechanically.  About  50% 
of  our  present  production  comes  from  two  districts  —  the  Coeur  d'Alene 
and  southeastern  Missouri  —  whereof  substantially  all  the  ore  requires 
such  concentration.  CoiLsequently  the  accomplishment  of  compara- 
tively small  economies  in  the  mining  and  milling  of  these  ores  is  greatly 
multiplied  when  figured  on  the  Ijasis  of  a  ton  of  smelting  ore  as  previously 
pointed  out. 

The  history  of  lead  mining  in  the  United  .States  naturally  divides 
itself  into  four  epochs.  In  the  first  there  were  fitful,  inconsequential 
efforts  in  Virginia  and  Missouri;  it  would  be  idle  to  speak  further  of  the 
feeble  attempts  in  the  other  States;  the  total  production  in  this  epoch 
was  insignificant.  The  second  epoch  may  be  dated  from  1799  when 
Moses  Austin  began  operations  in  Missouri.  He  introduced  bolder  methods 
of  mining  and  improved  methods  of  smelting,  which  were  of  considerable 
importance  in  his  day  and  taught  the  miners  of  Missouri  how  to  operate. 
His  influence  extended  to  the  Wisconsin  lead  region,  which  was  developed 
largely  by  miners  from  Missouri.  The  production  of  lead  in  the  United 
States,  however,  still  continued  to  be  small  during  this  epoch.  The  third 
epoch  begins  with  1821  when  attention  was  attracted  to  the  Wisconsin 
lead  mines.  In  the  course  of  a  few  years  these  were  actively  developed, 
and  in  connection  with  the  increasing  production  in  Missouri  the  time 
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camo  wlu'M  tin*  I  iuir<i  >iat«*s  tunnel  <"n  mon'  \rm\  ticin  h  (imiii  mn- 
MUiiu"  tiiiil  l:»r^«>  «'\|H»rts  wi«n'  iiwulf.  During  this  t'|>»Ml»  tin*  iniiifM  cif 
Joplin.  Mo.,  wrn*  di.«M'ovprf^l,  ami  mincti  wcro  wcirked  in  New  York  uniJ 
\'irniiii:i.     C'un«»ii>ly,    all    of    tlu-se    miiu's    won*    non  '  The 

fourth  «>|H>ch  is  pro|HTly  ihiltnl  from  ihr  coiiipU'lioii  oi  »j|way, 

ill  lSti\),  which  .Htartnl  the  ilevelo|>tMenl  of  the  Hilver-leatI  (ie(K>MitM  weul 
of  the  Uocky  Mountains.  It  i.s  a  remarkable  coincith'tice  that  it  wan 
at  aUiut  {\\v  siiuw  time  when  the  disM-minate*!  t>re  of  .southea.stern  Mi»- 
Hiuri  In'^an  t»>  l>e  ilevelo|HHl.  The.s<?  events  le<l  to  the  extnionliiuiry 
pro|K>rtions  that  the  American  U'a<l  imlustry  hjus  tjow  atiaineil.  The 
gn'at  pro>:n»ss  in  pnxluctittn.  and  in  ntinin^  and  metalUirnical  niched-. 
Uiis  U-en  inacle  since  IS('»'.».  It  was  not  until  that  time,  or  a  fe\' 
later,  that  wr  U'^an  {n  have  an  or>:anize<l  lead  iiuluxtry.  In  er»m|»;iri-"ii 
with  the  results  of  tins  hist  — the  prt'sent  — e|MKh.  the  hi>tt)ry  of  all 
the  previous  «)nes,  interesting  though  it  may  l>o.  fajles  into  insigniflranrc 
when  considered  from  the  economic  point  of  view.  It  is  remarkalile, 
njoHMJver,  tliat  in  the  di'velopnient  i»f  the  minlern  industry  s<»  little  wjuj 
liorroweil  from  the  .\merican  exin^rience  in  mining  and  smelting  previous 
to  l.Slil).  The  metlunls  of  miMlern  practice  in  the  <-ountry  wj»st  of  the 
K«»cky  Mountains  are  ili>tinctly  of  its  own  growth.  The  .mxmIs  were 
CuTinan  an<l  Hriii>h 

In  tnicing  certain  mdu.>tri;il  tl«'v«'lopments  which  remain  to  Ih»  treateil. 
attention  will  then-fore  l>e  confined  for  the  more  part  to  devi'lopments 
since  1.S09. 


XV 

THE    TARIFF    ON    LEAD 

Almost  since  the  organization  of  the  National  Government  there 
has  been  a  tariff  on  lead,  and  generally  it  has  been  high.  The  lowest 
rate  was  15%  ad  valorem;  the  highest  was  3  e.  per  lb.  In  general  it  has 
been  distinctly  a  protective  tariff,  especially  since  1869. 

Under  the  Act  of  July  4,  17S9,  lead  was  admitted  into  the  United  States 
free  of  duty,  but  by  the  Act  of  Aug.  10,  1789,  a  duty  of  1  c.  per  lb.  was 
put  on  "bar  and  other  lead."  By  Act  of  March  2,  1791,  this  duty  was 
extended  to  "all  manufactures  wholly  of  lead,  or  in  which  lead  is  the 
chief  article."  As  a  war  measure,  the  Act  of  July  1,  1812,  increased  all 
duties  by  100%,  together  with  an  additional  10%  upon  merchandise 
imported  in  foreign  ships.  The  latter  provision  was  repealed  IMarch  3, 
1815,  in  so  far  as  similar  discriminating  duties  should  be  abolished  by 
other  countries.  Between  July  4,  1789,  the  date  of  the  first  general 
tariff  law,  and  1816  there  was  a  good  deal  of  amending  of  the  tariff, 
the  purpose  being  always  to  raise  more  revenue.  On  April  27,  1816,  a 
second  general  tariff  law  was  enacted.  However,  no  change  was  made 
in  the  duty  on  lead  in  pigs,  bars,  and  sheets,  which  remained  at  1  c.  per 
lb.  The  next  general  tariff  act,  May  22,  1824,  increased  the  duty  on 
tho.se  forms  of  lead  to  2  c.  per  lb.  By  the  Act  of  May  19,  1828,  the 
rate  was  further  increased  to  3  c.  per  lb.  The  Act  of  July  14,  1832, 
did  not  mention  lead,  which  therefore  continued  at  the  previous  rate. 
The  same  rate  was  reiterated  in  the  Act  of  Aug.  30,  1842,  which  was  the 
next  general  revison  of  the  tariff.  The  Act  of  July  30,  1846,  which 
was  a  general  reduction  of  the  tariff,  fixed  the  duty  on  lead  at  20%  ad 
valorem,  which  was  further  reduced  to  15%  by  the  Act  of  March  3,  1857. 

Coming  to  the  time  of  the  Civil  War,  we  find  that  the  Act  of  March 
2,  1861,  raised  the  duty  on  lead  to  1  c.  per  lb.  The  Act  of  Aug.  5,  1861, 
raised  the  rate  on  lead  in  pigs  and  bars  to  1.5  c,  and  on  sheet  lead  to  2  c. 
Previously  the  rate  on  sheet  lead  had  always  been  the  .same  as  that  on 
pig  and  bar  lead.  The  Act  of  July  14,  1862,  which  raised  the  rates 
on  many  articles,  left  lead  unchanged,  but  it  put  a  duty  of  1  c.  per  lb.  on 
lead  ore.  By  the  Act  of  June  30,  1864,  however,  an  increase  was  made 
on  lead  in  pigs  and  bars  to  2  c.  per  lb.,  and  on  sheet  lead  to  2.75  c.  per 
lb.     These  rates  were  reduced  10%  by  the  Act  of  June  6,  1872,  which 
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WHS  a  RcruTal  lowmiit;  <'l  I  In*  |»rr\nMi.H  larilTM.  TIum  rc<iuiiiou  was 
ri'iK-alttl  ill  till'  Aft  of  Miinli  ;{,  ls7'». 

The  Act  of  March  '>\,  IKS,'),  nia«h>  pig  ami  liar  lead  dutiable  at  J  c.  (H>r 
\\t.,  slieet  lead  at  ii  c.  jx'r  lb.,  and  'lead  on*  and  lead  dro.si*,"  Ific.  |M*r  lb. 
Hy  th«"  tcnii-^  of  the  same  act  ^old  .uid  silver  ores  N\«'n'  admittiil  fre<* 
of  dut  \ 

rp  In  iiii>  lime  there  had  Ikhmi  Inn  iiuie  iiiiponation  of  lead-lx-aniiK 
on*  into  the  Initeii  States;  in  fact  muie  at  all  Nive  «Kld  parcels  which 
oeciusionally  n*acliiHl  the  .smelters  on  the  eojiMtM  and  wc-n*  of  in.sif;iiineant 
(|iiantity.  ('ons«'«niently  the  tariff  laws  wj-re  vajjue  as  to  that  class  <»f 
on*.  The  law  of  iss;i  ininht  have  Int'ii  const riie<|  as  taxing;  an  on*  con- 
taining 20'  (  or  less  of  lead,  at  the  rate  of  $.'M)  fvr  ton,  although  itK  value 
might  Im*  considerably  less  than  half  that  amount,  but  a|)|>arently  no 
such  cast*  came  up. 

In  ISSG  the  smelters  at  Kl  I'a.so,  Kan.'<as  City,  and  elsewhere  l>egan 
to  im|Hirt  in  large  (piantity  lead  carlM)nate  on*  from  .Mexico,  es|)ecially 
fn)m  the  mines  at  Sierra  .Mojada  in  C'oahuila.  This  ore  was  of  high  gnule 
in  leatl.  containe<i  a  good  excess  of  iron  over  silica,  was  «>f  fair  gnidc  in 
silver,  and  in  all  res|K»cts  was  a  highly  desirable  ore  for  the  smelters, 
who  obtaine<l  in  it  the  much-iUH'ded  lead  for  collecting  agent,  together 
with  ba.sic  inm  Mux.  In  computing  tlic  elements  of  its  value,  the  silver 
n*<luce<i  to  dollars  and  cents  pre<lominate<l  over  the  lead,  the  latter  l>eing 
figurnl  at  IK)'  ,  of  the  New  York  price,  le.ss  1  c.  ]X'T  lb.  at  first :  later  by  a 
Treasury  ruling  less  1.5  c.  |)er  lb.  It  was  ruled  that  this  ore  should  be 
admittc*<i  <bity  fn*o  as  a  silver  (Ue.  I'nder  the  circumstances  it  does 
not  ap|H*ar  how  the  decision  could  logically  haxc  Ih*<*ii  «»t herwi.se.  l*roi>- 
crly  the  ore  was  Ixith  a  lead  ore  and  a  silver  <»n*.  but  iindcr  the  then  ex'wl- 
ing  tariff  law  it  had  to  U*  either  one  or  the  other,  and  there  was  nothing 
to  do  but  classify  it  acconling  to  its  pn*<lominant  value. 

As  the  fn-e  im|K)rtation  of  this  Mexican  lead  tire  s<><»n  increaso«l  im- 
mens«*|y  in  tonn:ige  a  storm  «»f  protest  aro.'*e  from  the  Americin  |»nMlucers 
of  lead,  who  .saw,  or  thought  they  .siiw ,  the  pn»|)s  U-ing  cut  from  under 
the  tariff  which  protectotl  them.  Then*  wjus  no  pmtection  in  the  tariff 
on  pig  lead,  they  argue<l,  if  lea<l  <»re  ci»uld  Ik*  im|)ort<*<l  duty  '  "Ik* 

smeltitl  here  for  pig  lead.     .Most   bitter  <»f  all  were  the  few   |  of 

high-grade  lead  carlnmate  <ire.  who  ha<l  the  Mmelter«  by  the  thnmt  and 
were  commanding  fc»r  their  on*  mon*  than  the  lea«l  in  it  was  wurth,  and 
now  .saw  their  mono|>oly  .seriously  threatened!. 

lM»r  the  next  four  year^  the  di.Hcu.H.sion  of  this  subj<»rt  mi^l  furiously 
and  a«  r  dy.     I'ani.sjinship  wjis  determine<l  S4»lely  by  «*lf-interest. 

The  ad  .  'f  a  duty  which  would  exclucle  this  Mexican  lead  ore  were 

the  pnHJucen*  genemlly.  but  esfXH'ially  thr»sc  who  had  heavy  rarlmnatc  ore, 
like  the  Ilenriett  &  Maid  company  of  Lead ville. Colo., and  theMay-Maxepiia 
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(■<)ni]iaiiy  of  tlie  Monaivh  district  Colorailo.  Incidentally  it  may  be  re- 
marked that  their  motive  in  this  case  is  an  illuminating  exhiliition  of 
tlie  pettiness  that  has  animated  the  wire-pulling  since  the  tariff  became 
a  means  of  filling  the  pockets  of  special  interests.  At  the  time  of  this 
agitation  neither  of  the  mines  mentioned  had  more  than  a  few  years  of 
life  to  complete;  yet  for  the  premium  to  be  gained  on  a  comparatively 
small  tonnage  of  remaining  ore  they  were  anxious  to  impose  far  greater 
burdens  on  hundreds  of  other  miners.  Especially  oj)posed  to  the  lead 
producers  were  the  smelters  who  needed  most  a  supply  of  the  Mexican 
ore.  Allieil  with  them  were  other  smelters  who  would  be  relieved  from 
an  onerous  competition  if  concerns  like  that  at  Kansas  City  were  enabled 
to  keep  out  of  their  territory.  Also  opposed  to  the  lead  producers  were 
the  miners  of  silicious  and  refractory  ores,  on  which  the  smelters  were 
obliged  to  make  excessive  charges  to  recoup  themselves  for  the  losses 
suffered  on  the  lead  ores  which  were  essential.  The  last  ought  to  have 
been  the  strongest  opposition  and  ought  to  have  succeeded  in  defeating 
the  lead  ore  miners,  but  it  was  unorganized,  and  in  fact  its  side  of  the 
case,  which  involved  the  whole  technical  question  of  cost  of  smelting, 
was  imperfectly  understood  by  the  persons  most  interested. 

The  whole  case  bristled  with  delicate  technical  and  commercial  ques- 
tions. Should  the  value  of  lead  and  silver  in  the  ore  be  determined  loco 
mines,  or  loco  frontier?  How  should  they  be  determined?  Would  it 
be  permissible  to  mix  high-grade  silver  ore  with  lead  ore,  low  in  silver  so 
as  to  bring  the  mixture  within  the  classification  of  silver  ore?  Should 
lead  ore  proper  be  subject  to  the  duty  of  1.5  c.  per  lb.  on  its  mineral  con- 
tent alone,  or  on  its  gross  weight,  making  the  worthless  gangue  dutiable 
at  1.5  c.  per  lb.  as  well  as  the  lead  mineral?  Treasury  rulings  were  made 
on  all  of  these  points  and  others. 

It  was  pointed  out  by  disinterested  critics  like  the  Engineering  and 
Mining  Journal  that  the  smelters  needed  lead  ore  in  greater  supply  than 
was  available  in  the  United  States  in  order  to  smelt  silicious  and  refrac- 
tory ores  with  proper  economy;  that  those  who  would  be  benefited  by  the 
exclusion  of  the  Mexican  ore  were  comparatively  few  in  number;  that 
the  inevitable  results  would  be  an  increase  in  the  charges  on  silicious 
and  refractory  ores,  and  the  building  up  in  Mexico  of  a  smelting  industry 
which  the  United  States  could  and  ought  to  keep  for  itself.  It  may  be 
remarked  here  that  these  prophecies  immediately  were  fulfilled  upon 
the  passage  of  the  McKinley  bill. 

The  tariff  act  of  Oct.  1,  1890,  better  known  as  the  IMcKinley  Act, 
settled  the  question  with  a  victory  for  the  producers.  Lead  ore  was 
made  dutiable  at  1.5  c.  per  lb.,  "provided,  that  silver  ore  and  all  other 
ores  containing  lead  shall  pay  a  duty  of  1.5  c.  per  lb.  on  the  lead  contained 
therein,  according  to  sample  and  assay  at  the  port  of  entry.     Pig  and 
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liar  leail  was  kept  ..;  _  |ht  II>.,  while  tlif  ratr  on  .slu-^'t  Irail  wji«  rfduccMl 
to  2.5  c.  |n'r  Ih.  Ilowrvcr,  a  \rry  im|M>rt»iit  rnnrt'Hsion  wjw  iiiacic  by 
tho  pnivision  in  tin*  MiKinlry  tariff  tliat  nrrs  an<l  metals,  of  rinirH- 
incliKliii^  lead,  inif^lit  U'  MncltcMl  an«l  n*(inci|  in  \huu\  in  the  Inited  States. 
This  afforded  the  smelters  a  elianco  to  obtain  the  much  necMled  fluxing 
ore.  l)Ul  it  fin'ally  riMhiced  their  margin  on  it  InMaiiso  they  roiild  no  hmpT 
sell  at  the  American  price  the  K'.nl  wliiili  tlii\  i.nrclii-c.l  imicli  eheajn-r 
in  Mexico. 

We  may  pau.s<>  hen*  to  con.-'iti«r  li<»w  tht-  MrKinU'V  tariff  (»perated 
;is  shown  in  the  statistics.  'I'Ik-  Mim  i  il  Inilntrv  <'i\(  >  the  following 
for  the  vcars  1S.S7-1SU.J: 


Year 

°I°ii(al  Amrrican 
rruduiUuo 

i'nalurni  (nmi 
.Mexican  ( >rc 

1 

.\vmmr  IVicr  Jl  New  Yi*k 
Ictiu  jicr  I.Ji. 

IKS7 

11. 1.212 

I.'>.48S 

imjm 

■\.U) 

IKKS 

l.'il.'.MU 

2S.(i.W5 

ISC  »..'•>.').') 

4.12 

1  SS".» 

I'.7.;«I7 

2.'>..'>7() 

IS2.iM)7 

3.9.1 

]SW 

U2.<H».'i 

IS.12I 

HiO.lSO 

4.48 

IS«>1 

I7«i.7.'JI 

21.Hi2 

i'.»7,ii:< 

4.:« 

ISt>J 

lS2.ri77 

26.7.11 

2<)'».lll 

4.(H) 

I«K{ 

lG(i.(>7S 

29.270 

HK1.94S 

3.73 

.\l>out  the  only  conclu.sion  to  l)e  drawn  from  the  above  fi^un's  is  what 
was  renjarked  in  The  .Mineral  Imlustry,  I,  .'i()7,  viz.:  "The  amount  of  ore 
imported,  notwithstanding  the  tariff,  shows  al.so  that  it  is  al>solntely 
ne<e.ssary  f«»r  our  smelteries  to  se<Mire  lead  ore  from  fon-ign  .soun-es  in  order 
to  reduce  our  own  silicious  silver  ores,  Tiie  additional  cost  of  this  im- 
ported fluxing  ore  wjis,  of  course,  pai<l  by  our  silver  ore  minen»,  as  is 
shown  in  the  heavy  increiuse  in  smelting  charges,  averaging  alMiut  t'2.rA) 
|)er  ton  on  the.se  ores." 

The  Act  of  Aug.  27,  1S94.  made  an  imixirtant  reduction  in  the  tariff 
(»n  lea<l.  I>ead  ore  an<l  lead  dn>ss  were  n'duced  to  (1.7*)  c.  per  lb.,  with 
the  pn)vi.Ho,  "That  silver  ore  and  all  other  ores  containing  lead  shall  pay 
a  duty  of  0.75  c  per  lb.  on  the  lead  contained  therein,  according  to  sample 
and  a.ssay  at  the  port  of  entry.     The  method  of  sam|)ling  and 

to  l)c  that  usually  athipted  for  commercial  purjXKses  by  pid)lic  > , 

work.H  in  the  I'nited  States."     The  rate  on  pig  and  bar  lead  \\a»  reduced 
to  I  c.  [ler  lb.,  and  that  on  sheet  lead  to  1.25  c.  jier  lb. 

The  Act  of  July  24,  IM»7,  U'tter  known  as  the  Dingley  tariff,  which 
is  8til!  in  efTcet.  not  only  increased  the  duty  on  lead,  but  also  made  a 
great  change  in  the  p'  \  of  the  .section  relating  to  lead  ores,  cor- 

n-ctiiii'  tlic  l«MiM'  Mini  t  cirv  wnrdiiii?  of  nn-xious  :i<'l.s.      As  \vi«  have 
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seen,  lead  ore  was  not  specified  in  an}-  tariff  act  until  that  of  July  14, 
1862.  In  the  acts  of  Oct.  1,  1890,  and  Aug.  27,  1894,  a  tluty  was  placed 
on  lead  ore,  but  in  the  same  clause  the  proviso  was  made  that  silver  ore 
and  all  other  ores  containing  lead  should  pay  a  duty  only  on  their  lead 
contents,  which  still  left  it  open  to  dispute  as  to  what  might  be  defined 
as  a  lead  ore  and  what  as  a  silver  ore.  In  the  Act  of  July  24,  1897,  section 
ISl  read,  "Lead-bearing  ore  of  all  kinds,  1.5  c.  per  lb.  on  the  lead  con- 
tained therein:  Provided,  That  on  all  importations  of  lead-bearing  ores 
the  duties  shall  be  estimated  at  the  port  of  entry,  and  a  bond  given  in 
double  the  amount  of  such  estimated  duties  for  the  transportation  of  the 
ores  by  common  carriers  bonded  for  the  transportation  of  appraised  or 
unappraised  merchandise  to  properly  equipped  sampling  or  smelting 
establishments,  whether  designated  as  bonded  warehouses  or  otherwise. 
On  the  arrival  of  the  ores  at  such  establishments  they  shall  be  sampled 
according  to  commercial  methods  under  the  supervision  of  Government 
officers,  who  shall  be  stationed  at  such  establishments,  and  who  shall 
submit  the  samples  thus  obtained  to  a  Government  assayer,  designated 
by  the  Secretary  of  the  Treasury,  who  shall  make  a  proper  assay  of  the 
sample,  and  report  the  result  to  the  proper  customs  officers,  and  the 
import  entries  shall  be  liquidated  thereon,  except  in  case  of  ores  that 
shall  be  removed  to  a  bonded  warehouse  to  be  refined  by  exportation 
as  provided  by  law.  And  the  Secretary  of  the  Treasury  is  authorized 
to  make  all  necessary  regulations  to  enforce  the  provisions  of  this  para- 
graph." 

In  paragraph  182,  lead  dross,  lead  bullion,  or  base  bullion,  lead  in 
pigs  and  bars,  together  with  old  lead,  were  made  dutiable  at  the  rate  of 
2^  c.  per  lb.,  while  lead  in  sheets  was  assessed  2.5  c.  per  lb. 

Under  the  old  law  it  was  provided  that  each  day  a  quantity  of  refined 
metal,  equal  to  the  amount  of  imported  metal  smelted  or  refined  that 
day,  should  be  set  apart  and  should  not  be  removed  from  the  works 
except  for  transportation  to  other  bonded  premises  or  for  exportation. 
The  tariff  law  of  July  24,  1897,  provided  that  each  day  a  quantity  of  the 
refined  metal,  equal  to  90%  of  the  amount  of  imported  metals  smelted 
or  refined  that  day  should  be  set  aside.  The  Act  of  1894  specified  no 
time  within  which  the  refined  metal  should  be  exported.  By  the  Act 
of  1897  it  was  required  that  in  respect  to  lead  ores  imported,  the  refined 
metal  should  either  be  exported  or  entered  for  consumption,  and  the 
duties  paid  thereon  within  six  months  from  the  date  of  the  receipt  of 
the  ore. 

The  provisions  of  these  recent  tariff  laws  were  the  subject  of  many 
cases  before  the  Board  of  General  Appraisers  and  the  Courts  of  Appeal, 
and  regulations  by  the  Treasury  Department.  The  most  important  of 
these  were  the  rulings  that  only  90%  of  the  lead  imported  for  smelting 
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in     Innui     hud     lo    Ih*    Mll»S<M|Urnllv     r\j">ii<-<i.    airl     >'    ,      >'i     till-     iMiiii..||      - 

not  IM)' ;  «»f  thf  \vm\  rontrnt  of  tlu-  bullion  ini|N>rt(>«i  for  n'fininK.  Ah 
the  hulhon  cointnonly  rontainH  at  leu.st  US'  ',  teat  I,  and  the  Iohm  in  rofininf; 
in  not  nion*  than  2'.;.  the  n'fincr  st'cuml  (O.llS,. O.'.IS)— O.IKJ  -  G' ,  «.f 
the  Imlljon  ini|>ort(><l  a.s  *'c.\enij>t"  load,  trw  of  iluly.  There  uiw  aljs4»  a 
margin  in  the  lca«l  of  i)re  Hnieltetl,  \vhere<»f  alK>ut  95',^  '\6  ordinarily 
exiKH'ttnl  t<»  Ih»  nM'overeii. 

It  is  «»l)viou.s  that  the  long  n*c«)rd  of  a  high  tarifT  on  lead,  bn>ken  by 
only  «>ne  iH'riml  of  eonipanitively  low  tarifT.  must  have  had  an  iin|M)rtant 
effei't  on  the  industry.  The  nature  of  this  cfTect  has  Um  the  subjwt 
of  bitter  discussion  at  various  times.  The  question  has  In-en  e.xtremely 
complirateil,  esjuHMally  since  aixiut  ISSJ,  or  at  all  events  the  early  cightiest, 
by  the  tw<»  values  which  lead  ore  can>e  to  jKJBse.ss,  as  I  have  previoiLsly 
IM»inte<l  out.  viz.:  (1)  Its  value  as  a  source  of  the  metal;  and  (J)  its  value 
U.S  a  metallurgical  agent.  liefore  attempting  to  draw  any  ctmdusionM, 
it  is  imjKJrtant  to  examine  the  facts. 

The  price  of  lead  has  always  Ini-n  lower  at  London  than  at  New  York; 
genenilly  it  has  In^en  a  good  deal  lower.  However,  the  difference  l)etween 
the  I/ondon  an<l  St.  Louis  prices  has  n(»t  always  Ikh-ii  so  great  as  in  recent 
years.  iH'cause  formerly  when  transj)ortation  wa.s  more  costly  the  St. 
Louis  price  was  relatively  much  lower  than  the  New  York  price  than 
at  pre-s^nt.  I'nfortunately.  we  do  not  jMVKse.ss  a  complete  rtn'ord  of  the 
fluctuations  in  these  thrcx'  markets  during  the  ninetiH-nth  century,  and 
the  figures  available  for  some  of  the  earlier  years  are  of  such  uncertainty 
that  we  caimot  attempt  to  draw  clo.se  do<luctions  from  them. 

By  1S4()  the  I'nited  States,  through  the  production  of  the  mines  of 
Wisconsin,  had  achieve<l  an  output  of  lead  which  for  its  time  was  large. 
Kngland  was  the  largest  lead  prrxlucer  of  the  world,  its  pnuluction  U-ing 
pnibably  alMiut  4(),(HM)  metric  tons;  lu'xt  came  Spain  with  alMiut  .'JO.tMK) 
metric  tons;  and  then  the  I'nite*!  States  with  al)out  I'l.TTO  metric  tons 
(17.X>0  short  tons).  In  the  early  forties  the  outptit  of  Wi.sconsin  increa.«««<l 
nipidly.  causing  the  rnite<l  States  to  displace  Spain  (where  the  output  fell 
off  somewhat)  ami  the  Tniteil  States  l)egan  to  export  lead.  .•HMuling  out 
1()K.'>  tons  in  1S4I;  7275  tons  in  1S42;  9215  tons  in  1H44.  in  which 
year  the  maximum  was  attaine<l;  S41()  tons  in  lS4t>;  KKK)  tons  in  IH4.S; 
anil  \'M)  tons  in  IK5().  The  exi>ort  movement  was  coveretl  pnictically  by 
the  years  IK4I  IS4S.  Kxcept  for  that  i>eriod  the  ex|>orts  of  lead  from 
the  I'nite^l  States  have  Ikh-u  <»f  no  con.-^^'ijuence."  At  that  time  the  price 
of  lea<l  in  Kurofw  wjts  relatively  high.  pr»)bal»ly  l>erause  f»f  the  declining 
pHKluction  in  Spjiin.     The  American  tariff  was  of   no  great  consequence 

•  F'rrvioiiJi  In  IH.SII.  in)|Mirtii  nn«l  rxp<»rt.«i  v^rrv  rn|i«iir«|  f»»r  fiwal  ymni  rrxlinc  June 
30,  an<l  I  ho  n'frrrnrrs  Imtp.  likowM'  miuilar  n«fcrrnmi  rlwwhrrr  in  thu  work,  curre- 
.'(Minri  »ilh  (hnt  rlAMuficntion. 
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one  way  or  the  other.  It  hail  been  fixed  at  3  c.  per  lb.  in  1832,  and 
continued  at  that  rate  in  1842.  The  reduction  to  20%  ad  valorem  in 
1846,  which  corresponded  to  0.75  to  0.8  c.  per  lb.,  was  immaterial, 
although  it  excited  hot  opposition  at  the  time  (see  chapter  on  Wisconsin). 

However,  toward  the  end  of  the  forties  the  domestic  production  of 
lead  began  to  fall  off  seriously,  and  consumption  being  on  the  increase, 
imports  of  lead  had  to  be  made,  nearly  19,000  tons  being  obtained  from 
abroad  in  1850.  The  movement  in  this  direction  continued  for  upward 
of  20  years.  The  tariff  was  reduced  to  15%  ad  valorem  in  1857,  and 
raised  successively  to  1  c.  per  lb.  in  1861  and  2.  c  per  lb.  in  1864  without 
any  effect  save  to  tax  the  consumer  and  emphasize  the  shortage  in  the 
domestic  supply  in  creating  a  high  range  of  price  for  the  metal.  The 
production  of  Wisconsin  and  Missouri  declined.  The  United  States 
simply  was  unable  to  supply  the  lead  it  required  in  spite  of  the  incentive 
of  high  prices.  The  tariff  was  chiefly  for  revenue,  but  in  so  far  as  it  may 
have  been  thought  to  serve  any  purpose  as  a  developer  of  domestic  industry 
it  was  quite  useless.  The  high  prices  which  prevailed  during  the  Civil 
War  did  indeed  stimulate  mining  at  several  places  in  the  Eastern  States, 
but  the  lead  was  not  there  to  be  got  in  any  considerable  quantity  at  any 
price. 

It  will  be  observed  from  an  examination  of  the  statistical  tables  that 
in  1861-1870  the  price  of  lead  at  New  York  was  rather  uniformly  above 
the  price  at  London  by  the  amount  of  the  duty.  Moreover,  that  the 
annual  averages  at  London  during  the  decade  were  comprised  within  the 
limits  of  4.78  c.  and  4.05  c.  —  a  rather  narrow  range  and  not  a  remarkably 
high  one  as  compared  with  that  of  1851-1860.  In  1870  the  lead  produc- 
tion of  the  world  had  been  developed  to  a  large  total,  Spain  and  Great 
Britain  both  having  greatly  increased  their  outputs,  while  Germany 
and  France,  especially  the  former,  had  become  important  producers. 
The  United  States  ranked  fifth  —  a  bad  fifth. 

The  next  decade,  when  Nevada  and  Utah  began  to  make  an  output 
of  real  consequence,  was  ushered  in  with  prices  for  lead  that  were  still 
high,  the  average  for  the  year  being  3.95  c.  at  London  and  6.08  c.  at  New 
York,  the  duty  being  2  c.  per  lb.  and  the  importation  for  the  3^ear,  45,750 
tons.  Prices  continued  at  a  high  level  until  the  end  of  1876,  the  American 
market  being  supported  by  the  European  market,  and  although  the  tariff 
had  been  reduced  to  1.8  c.  in  1872,  but  raised  again  in  1875,  it  is  to  be 
noted  that  the  differences  between  the  two  markets  were  uniformly  less 
than  the  tariff,  while  imports  into  the  United  States  decreased  and  in 
1877  practically  came  to  an  end.  Then,  at  last,  the  United  States  as  a 
lead-producing  country  became  independent.  It  was  well  able  to  stand 
on  its  own  feet,  as  is  manifest  from  the  fact  that  production  continued 
to  increase  steadily  in  spite  of  the  general  decline  in  price  started  in  1877, 
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Ity  tin*  iiuiRnitiuie  timt  iho  now  oiitpin  had  attained.  In  I.H74  uiul  IHTri 
Ainrriran  ppHliiccrs  lm<l  Ikhmi  cil)lij;i'«l  to  px|M)rt  Hurplu-s  lead  tn  Chinu 
and  JapHii.  In  IS7S  the  uvcmgi'  i)rice  at  New  York  wa«  lower  than  the 
I»rire  at  l<4>n<inn. 

The  Itulk  of  I  he  prmlurtion  was  from  onvs  rich  l>oth  in  U-ad  and  in 
silviT.  However,  the  low  mnpe  of  prices,  which  rontinne<l  into  IST'J, 
Ix'pan  to  toll  seriously  on  the  pnMlucers  of  I'tah,  first,  and  then  Nevada, 
the  priKJiiction  of  thost?  States  decreasing.  I>ut  neverthelcf^s  the  total 
pnxluction  of  the  I'nite*!  States  incre:use<l  l>e<*aiis<'  of  the  large  su|)plie.s 
deliv«'rtN|  in  1S7'J  l»y  the  new  discoveries  at  Ix>adville.  In  the  atituttin 
of  IS71)  the  great  "  l)ooin  "  |>eri«Mi  set  in,  an<l  the  demand  for  lead  sud- 
denly increaseil,  carrying  the  market  upwanl  until  at  the  end  of  DtH-emlx-r 
so  high  a  price  was  n'achetl  that  tiie  imi>ortation  of  foreign  lead  IxM-ame 
profitable. 

Notwith.standing  the  important  development  which  the  lea<l  industry 
of  the  I'niteti  States  attaine<l  in  1871-  IKSO,  and  its  indeiMMulence  of  arti- 
ficial sup|x)rt  as  wa«  manifest  at  sovcnil  times,  there  was  early  op|)osi- 
tion  to  the  movement  to  lower  the  tariff  on  pig  lead.  This  movement 
was  inspire<l  l>y  the  manufacturers  of  lead  pnwlucts,  who  natundly  sought 
the  broadest  i>ossible  market  for  their  niw  material,  and  during  the  sev- 
enties they  carrie<l  <m  an  agitation  towartl  that  end.  The  multiplication 
of  lea<l  manufacturing  works  in  the  West  and  Middle  West  already  had 
alarme<l  the  I'^istern  manufacturers,  and  they  urge<|  that  the  duty  <»f 
J  c.  [X'r  lb.  wjus  prohibitory,  niising  the  cost  of  materials  to  the  consumer 
without  adding  revenue  to  the  treasury,  an<l  if  the  duty  on  pig  le.nd 
were  taken  (»ff.  the  price  of  foreign  lead  would  advance  by  an  amoimt 
almost  e«jual  to  one-half  of  the  reduction  of  the  duty,  while  the  price 
here  would  fall  a  similar  amount.  Iljusteni  smelters  of  lead  ore  aakcnl 
for  the  nMuoval  of  the  tluty  on  lead  «>re.  liven  so  early  lus  this,  it  was 
urgiNl  (hat  free  ore  would  tend  to  develop  a  large  smelting  business  along 
the  Mexican  l)ortler.  However,  the  interest  in  the  question  wa-s  nit  her 
mild,  l)ecau.se  the  fjuestion  it.s<'lf  was  not  acute.  With  conditions  of 
pnnluction  and  consumption  of  such  chanicter  that  the  .American  price 
was  naturally  working  down  towanl  the  I!uni|¥»an.  in  spite  of  the  tariff, 
and  the  pn)ducers  of  Itah  and  Neva<la  confnmted  by  the  pn>s|iect  thai 
they  would  have  to  cxfxirt  surplus  lead,  the  matter  of  the  tariff  was  not 
«»f  great  coa'^equence.  Obviotisly  the  preference  of  the  I'tah  and  Nevada 
protlucers  wiis  toward  its  rrtontitm.  l>ecati.'<e  whereas  they  might  have 
to  export  lead,  if  consumption  should  improve  at  any  time  they  were 
|>roterted  from  the  ronifietition  of  im|M)rted  lea<l.  Imt  in  the  (lolitical 
and  economic  dLscu.ssion  of  the  subject  they  were  rather  apathetic.  The 
chief  opfiosition  to  the  m(»\Tment  for  a  nnluction  of  the  tariff  rainc  from 
tlir  prf»ducers  of  Missouri,  who  mined  non-argentifen>us  ore  and  coa«»<'- 
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qiiently  were  solely  ileiKMulent  uj)on  the  price  of  lead,  which  the  Utah- 
Xcvada  producci-s  were  not.  Moreover,  the  producers  of  southeastern 
Missouri  had  begun  to  mine  the  low-grade,  disseminated  ores,  on  which 
the  margin  of  profit  was  small,  and  a  maintenance  of  a  rather  high  j)rice 
was  deemed  necessary-  to  the  welfare  of  the  new  and  growing  intiustry. 
Although  the  Missouri  production  was  still  small,  the  efforts  of  the  Missouri 
miners,  with  the  lukewarm  support  of  Utah  and  Nevada,  were  easily 
successful  in  defeating  the  desires  of  the  manufacturers  and  consumers 
and  maintaining  the  tariff,  especially  as  the  party  in  political  power 
was  C(tmmitted  to  the  policy  of  protection  and  the  fostering  of  special 
interests.* 

The  question  came  to  a  head  in  1882,  when  a  commission  was  ap- 
pointed to  revise  the  tariff.  The  Missouri  producers  were  quick  to  organ- 
ize to  defend  their  interests.  The  Western  producers  were  apathetic, 
at  least  at  first.  As  it  began  to  appear  probable  that  a  reduction  in  the 
duty  on  lead  might  be  recommended,  however,  the  Colorado  producers 
organized  at  Ix?adville  to  lobby  against  such  a  step,  and  soon  afterward 
the  Utah  producers  took  similar  action.  The  tariff  commission  recom- 
mended a  reduction  of  the  duty  on  pig  lead  to  1.5  c.  per  lb.,  and  on  lead 
in  ore  to  1.  c.  per  lb.,  a  reduction  which  the  Emjinccring  and  Mining  Journal 
pronounced  to  be  moderate  and  reasonable;  but  the  efforts  of  the  miners 
again  prevailed  and  the  Act  of  ]\Iarch  3,  1883,  maintained  the  old  rate 
of  2  c.  per  lb. 

The  question  of  the  tariff  on  lead  did  not  become  of  much  consequence 
until  toward  1890,  when  large  imports  of  Mexican  lead  ore  were  being 
made.  For  many  years  previous  the  condition  of  the  lead  industry 
abroad  had  hccn  of  comparative!}'  little  concern  to  the  American  ])rf)- 
ducers,  though  experience  had  taught  them  that  in  i)criods  of  extraordi- 
nar}'  advances  in  the  domestic  price  a  check  was  imposed  Ijy  the  offerings 
of  foreign  lead.  They  were,  however,  effectually  protected  1)}'  the  tariff, 
which  continued  at  2  c.  per  lb.  This  could  not  prevent  the  American 
price  from  going  very  low  when  there  were  accumulations  of  supplies, 

>  "The  exports  of  lead  have  been  very  .small  except  in  1874  and  1875.  It  is  pos- 
sible that  the  export  of  American  lead  to  China  and  Japan  will  increase,  and  at  a  time 
more  or  less  remote  may  decrease  the  shipments  which  England  makes  to  that  quarter. 
At  the  present  time  that  result  has  not  been  attained.  American  smelters,  unless 
forced  by  circumstances,  will  not  be  tempted  to  export  a  portion  of  the  lead  which  they 
produce,  protected  as  they  are  by  a  duty  of  2  c.  per  lb.  If  the  duty  on  lead  were  to 
be  abolished,  the  fluctuation  in  the  quotations  of  the  metal  would  be  less,  and  the  price 
would  go  down;  the  mines  and  smelting  works  of  Missouri  would  be  less  advantageously 
situated  than  formerly;  and  the  miners  and  smelters  of  argentiferous  ores  would  lose 
a  smaller  or  greater  proportion  of  their  profits,  and  would  be  obliged  to  pay  greater 
attention  to  their  working  and  to  their  methods."  {Engineering  and  Mining  Journal, 
1881.  LXXXII,  .301.) 
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hut  oti  llir  oiIht  liaiul  it  fMialdrd  jiriit-^  to  |»r  riirriiM  i<>  mik'iit  I«'-  • 
Would  havt'  Imh'U  n':nlnM|  uinlcr  ruriilitioiiM  «if  fn**'  tnulf  uImmi 
\v:u><  ur^iMit.  and  when  s|K>ruhttioii  for  thr  rltt'  wtis  undertaken.  Aliout 
I.S77  ISS(».  and  from  IVSI  to  |S«M).  lead  won  a  highly  .H|«Tulati\. 
The  Hirhniond  conipany  in  |»arti<ular  niatle  a  prartiee  of  n 
itM  pHxiiK't  in  lante  hhirk.s,  and  Uith  pnxlurerH  uml  H|x>eulaton(  made 
nunientus  attein|itN  to  maintain  the  price  at  a  hi;;h  |ioint.  In  thi.s  they 
wen*  of  rourse  sussisted  l»y  the  tariff,  while  corn-siMMulin^ly  the  cotLHunierH 
sufTered.  As  to  what  efTe<t  the  tariff  may  have  hati  U|M»n  pnidurtion 
it  is  ditlieult  to  say.  The  pro<lu(-tion  .stea<lily  inrre:LHed  up  to  IS.H4, 
ehiefly  U^cause  of  new  <lisroveries;  then  for  many  years  the  .'Statistics 
sh«»w  u|iH  and  downs,  the  pn>duction  in  is'.M  Ikmuj;  only  a  little  more 
than  UiO.(KM)  tons.  :i;raitjst  :il>out  1I4.(HK)  tons  in  ls.s:{  —  a  trifling 
advance.  During  this  |N*riod  the  industry  had  .several  .setbacks,  such  as 
the  decreasing  gra<le  of  the  on\  the  imi)overishment  of  many  of  the  old 
Ixinan/.as,  lalntr  trouhh's  in  Maho.  and  es[iecially  the  declining  value 
of  silver.  There  wen'  otT.setting  advantages  such  as  improvements  in 
the  methods  of  mining  ami  smelting.  decro:ise  in  the  cost  of  trans|)orta- 
tion.  and  the  ac(juisition  <»f  a  value  by  lead  ore  as  a  smelting  agent  in 
addition  to  its  simple  value  :ls  a  .sotirce  of  lead.  During  the  whole  of 
this  |N>riod  the  price  of  lead  at  Ix)ndon  w:us  materially  Ik'Ii»w  the  price 
at  New  \drk.  It  is  safe  to  conclude  that  if  the  price  at  New  ^'ork  had 
n«d  lieen  lM»|>tere«l  up  l>y  the  tariff,  the  production  of  lead  in  the  I'nited 
States  w«»uld  not  have  show n  the  increase,  small  :is  it  w:is.  which  it  actually 
dl<l. 

While  the  tariff  wall  enclosing  the  lead  industry  of  the  rnite<l  States 
remained!  practi<'ally  unchanged  from  lS(i4  to  ls«.»J,  the  rnnditioas  of 
production  in  the  I'nited  States  exjierienced  great  alterations,  rmni 
In7I  to  IH.S().  and  in  the  early  eighties,  the  hulk  of  the  domestic  lead  pro- 
duction canje  from  ores  of  romparatively  high  gra<le  in  lead  and  .•silver, 
which  in  spite  of  high  mining  and  smelting  e\|M'nsrs  caused  the  cost  per 
potind  of  lead  to  l»e  ndatively  low.  hut  tlu-  pnnlucers  wen*  haniiicap|M'd 
l>y  the  long  and  costly  railway  carriage  on  their  metal  In  ls72  the  e<M<t 
of  trans|Mirting  bullion  from  I'.ureka  to  S.an  rrancis<o  wn.s  sdMiut  .'t  c. 
jier  lb.;  in  ls7l  it  w.as  aUiut  l.t)  c.  Kn»m  Salt  I^ike  to  Omaha  the  cost 
wjus  1  e,  per  lb.  in  IH7I;  from  Salt  Like  to  Chicago  1.4  c.  per  lb.  in  IS72. 
In  I>v*i0  the  cost  from  I^eadville  to  New  ^'ork  was  l,7.'i  c.  |»er  lb.  I'ntil 
the  latter  part  «>f  the  eighties  the  pn»ducers  of  the  West  w«re  un«ler  stich 
heavy  hamlicafis  of  freight  rates.  Kven  at  the  |)resent  tinie.when  freight 
rates  have  come  di>wn  to  exir.'kordinarily  low  })oints  —  i).'.\'2  r.  from  Pueblo 
and  DtMiver.  and  0..">4  c.  fnun  Salt  Lake  City  to  New  ^'ork  —  the  W«»stern 
pnnlucers  suffer  from  their  «IL«<tance  -  'iIMM)  to  '2M\l)  miles  —  from  the 
principal  markets,  the  cost  of  carrying  leail  fn»m  Monterey.  Mexico,  to 
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New  York  being  only  0.2  v.  per  Ih.  However,  there  has  been  a  vast 
iniprovotnent  in  this  res{)e('t  from  the  conditions  of  1870-1885. 

But  in  the  meanwhile  the  ores  of  high  gratle  in  lead  and  silver  have 
disappeared  anil  it  has  come  to  pass  that  the  bulk  of  the  lead  produc- 
tion of  the  fnited  States  is  obtained  from  very  low-grade  ore  It  is 
undeniable  that  the  tariff  on  lead  has  raised  the  price  which  American 
consumers  have  had  to  pay.  It  is  doubtless  true  that  at  certain  periods 
the  price  has  been  maintained  in  this  way  at  figures  which  have  given 
unnecessary  advantage  to  the  producers.  But  on  the  other  hand  it  is  evi- 
dent from  a  study  of  the  history  of  the  industry  that  the  increase  in  do- 
mestic lead  production,  which  has  not  more  than  corresponded  with  the 
increase  in  domestic  consumption,  has  been  greatly  stimulated  by  the  ad- 
vantage in  price  which  the  tariff  has  bestowed,  and  moreover,  this  has  fos- 
tered not  only  the  lead  industry  alone,  but  also  the  mining  and  smelting 
of  ores  containing  the  precious  metals,  which  in  the  absence  of  an  abundant 
supply  of  lead  ore  would  have  to  be  worked  by  less  economical  methods. 

It  is  dangerous  to  generalize  the  cost  of  producing  lead  for  the  whole 
country,  or  even  for  a  particular  district.  In  the  case  of  southeastern 
^lissouri  this  can  be  done  with  more  safety  than  in  any  other,  because 
there  the  only  value  of  the  ore  is  in  its  lead  content,  and  the  grade  of 
the  ore  mined,  conditions  of  occurrence,  and  methods  of  mining  are  rather 
uniform  throughout  the  district.  In  1882  the  cost  of  pig  lead  delivered 
at  St.  Louis  by  the  large  producers  was  3  to  3.5  c.  per  Ib.^  In  1884  the 
Engineering  and  Mining  Journal  expressed  the  opinion^  that  if  freights 
were  better  adjusted  the  majority  of  the  producers  of  the  United  States 
could  stand  a  price  of  3.5  c,  or  even  3.25  c,  but  the  pressure  of  lead  at 
2.75  c.  would  be  such  that  as  that  figure  was  approached  the  number 
of  idle  mines  would  increase  in  geometrical  ratio. 

In  1899  the  cost  to  the  principal  producers  of  southeastern  ^lissouri 
was  2.25  c.  per  lb.,  delivered  at  St.  Louis.  However,  none  of  the  figures 
above  given  includes  interest  on  the  money  invested,  return  of  the  prin- 
cipal, etc.^  The  purcha.se  of  an  acreage  of  land  sufficient  to  warrant 
development  on  a  large  scale,  the  sinking  of  shafts  and  equipment  of 
plant  a  few  years  ago  would  cost  alx)ut  SI, 000,000  for  a  productive 
capacity  of  10,000  tons  of  pig  lead  per  annum.  E.stimating  amortization 
at  10%  and  interest  at  5%,  the  annual  fixed  charge  would  have  been 

1  Mineral  Resources  of  the  United  States,  1882,  p.  .312. 

2  Feb.  2,  1884. 

3  It  is  utterly  misleading  to  draw  conclusions  from  figures  which  do  not  take  those 
factors  into  account.  Producers  who  are  already  established  may  be  willing  for  a 
time  to  sell  their  output  at  a  price  which  returns  only  the  direct  cost,  or  even  less, 
rather  than  incur  the  greater  loss  of  suspending  operations,  but  so  long  as  such  a  con- 
dition exists  no  new  capital  will  go  into  a  business  where  the  adventurers  can  not  see 
a  return  of  the  principal  and  a  proper  interest  upon  it. 
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$ir)().(KH)  or  0.7;'>  V.  jHT  II).  «»f  l«'u«l.  A  tdtul  rost  of  |tnNlu(-ltoii  of  3  c. 
|HT  ll».,  l)a.siH  St.  I^mi.s,  in  |>roltal)|y  tin-  lo\\«'.st  on  rwonl  f«ir  the  Houth- 
ea.slerM  Mi-ssouri  Iwnl.  At  prc«cM»t  tlu*  «'«».st  i.s  coiuiiilerubly  liifclitT.  It  m 
u  fact  that  this  lead  \\us  Inh'D  sitUi  at  a  lowtT  pritc  than  .'{  <-  ,  hut  it  \m» 
Int'ii  at   a  lo.s.s,  all  chart's  cori.Hiih'rf*!. 

In  Chapter  1.  it  wiut  ctitinmtcti  that  tho  co.st  of  prtNlurinK  lru<l  in  (ht> 
I'li'ur  ilAU-nt'  iit  l'.H)7  \vu.s  in  thr  nri^hhorhiHMl  «tf  .{..'i  t«»  3.5  r.  |ht  lb., 
ba.si.s  New  York  lU'livrry;  i.e.,  if  tlu*  pricr  of  lfa«l  .slnuihi  Ik*  3.5  c.  |ht  lb. 
unil  the  price  of  silver  50  c.  |x»r  oz.  at  New  York,  some  of  the  Ctrur  d'Alene 
lar^e  pHHiiu-ers  w«»ul(l  realize  no  |)rofit ,  even  after  (li."*!'  <  on 

for  amortization.     It   wonKl  U'  highly  diilirult   to  ^i  lal 

account  in  this  di.strirt.  but  probably  it  would  not  Im-  far  out  of  the  way 
to  siiy  that  the  t»»tal  cost  of  |>roilu<inn  lead  in  the  C'uur  d'.Mene  is  in  the 
nei^hJMtrhood  of  -l  c.  jht  IIl.  when  silv«'r  is  worth  oidy  5(1  c.  |)er  oz. 

The  Oi'ur  d'.Mene  ami  southeastern  Mi.ssouri  together  furnish  nearly 
00*^t  of  all  the  lead  now  pnMlurjnl  in  the  l'nite<l  States.  The  actual 
cost  of  this  leaii  has  Ixfii  alxujt  '.i  v.  i)er  lb.  under  the  in<»st  favorable 
cunditiuns.  The  aveni^P  fwt  of  all  the  l<»ail  phmIucchI  in  the  I'nitetJ 
States  is  probably  consiilerably  hi^^her  than  that. 

There  is  no  (pjestion  that  lead  can  Ih»  producnl  more  cheaply  in  Mexico, 
Kun»|K\  and  Australia  than  in  tlu'  I  nit<Mi  States,  inasnuich  as  the  price 
at  Liuidon  for  lonj;  jK-ritHls  has  l>een  lower  than  3  <•.  ikt  lb..  .-hkI  the  out- 
put of  the  mines  is  maintainfyj.  The  su|><'rior  advanla^'e  of  the  ft»reign 
countries  is  partly  in  chea|)or  lalnir,  partly  higher  ^nules  of  ore.  which 
m«»n»  fre«juently  than  in  .\merica  yield  two  valuable  products,  e.g..  zinc 
and  lead,  as  in  Au.-^tndia.  and  partly  t«»  shorter  railway  hauls.  The  cost 
of  smelting  and  refining  is  as  low  in  the  I'nite*!  States  as  anywhere  in 
the  world;  tin*  fnMghts  on  the  wh«»le  are  higher  —  not  jH^r  ton-mile,  but 
in  the  ajyjn'gate  of  miles;  the  cost  of  mining  |M'r  t<»n  of  concent nitt^l 
prtNiuct  is  doubtless  higher  on  the  whoN*.  which  is  attributable  to  the 
higher  nit<'s  of  wages. 

It  may  Ik-  .sai«l  in  conclusion  that  the  tariff  on  le:nl.  which  has  indis- 
putably rai.seil  the  price  of  the  metal  to  the  consumer.  Iwus  greatly  stimu- 
latnl  the  ilomestic  prixluction.  e.H|MMi:illy  at  the  iM«ri«Ml  when  the  latter 
U'gan  to  l»e  clerivj**!  <hi«'(ly  from  low-gra«le  ores;  that  without  the  tariff 
the  pnMJuclion  would  have  Ikhmi  seriously  checkeil  at  certain  |jerioda 
of  depre»ion;  that  the  fost raring  i»f  the  h'ad  indti.**try  has  l»o«'n  a  great 
stimulus  to  tlu*  development  (»f  the  mining  and  ^melting  <»f  the  precious 
metals  in  genend;  that  it  hiw  contributetl  to  the  nuiintenance  of  waives 
in  the  ll«Mky  Mountain  States  at  a  w:i>tefully  high  l«'\el;  an<i  that  it  \\ikn 
l>een  the  basis  on  which  the  Smelting  Tnist.  ai<le«|  by  all  the  other  pn>- 
ducers.  ft>ri*«H|  the  |»ricc  (»f  lead  to  an  exceanively  high  |Miint  lielween 
I«>l)l  an.l  l'.H»7. 


XVI 

LABOR  CONDITIONS 

In  the  century  of  active  lead  mining  in  the  United  States  there  appears 
to  have  been  comparatively  little  change  in  labor  conditions.  In  Mis- 
souri and  Wisconsin,  which  furnished  the  major  part  of  the  output  pre- 
vious to  1871,  the  mining  was  done  largely  by  individuals  on  their  own 
account.  The  leasing  system  was  generally  practised.  The  conditions 
were  on  the  whole  substantially  the  same  as  exist  in  Washington  County, 
Missouri,  at  the  present  time,  and  as  existed  in  Wisconsin  until  recently. 
Operators  of  this  class  did  not  pay  much  attention  to  the  price  of  lead. 
Indeed,  they  were  not  concerned  at  all  by  minor  fluctuations  in  the  mar- 
ket, selling  their  ore  at  a  fixed  price,  as  was  the  general  custom.  To  a 
large  extent  they  were  not  miners  by  trade,  being  to  no  small  degree 
farmers,  lumbermen,  teamsters,  etc.,  who  worked  at  mining  during  part 
of  the  year.  They  were  able  to  live  cheaply  and  were  satisfied  with 
small  returns  from  their  industry.  Probably  on  the  whole  their  earnings 
from  mining  were  rather  less  than  during  the  last  40  years.  At  least 
this  must  be  so  if  the  market  price  for  lead  be  a  fair  criterion.  About 
1845-4G  there  was  a  low  range  of  prices  for  pig  lead,  while  production 
remained  about  stationary. 

The  miners  of  ^Missouri  were  descendants  of  the  French,  and  of  the 
Americans  who  went  thither  after  the  purchase  from  Spain.  The  same 
people  constituted  the  bulk  of  the  mining  population  in  the  disseminated 
district  until  recently  when  the  shortage  in  men  available  to  do  the 
work  required  made  it  necessary  to  bring  in  Hungarians  and  other  for- 
eigners. Upon  the  discovery  of  the  mines  in  Wisconsin  a  good  many 
men  went  from  Missom-i  to  them,  which  also  attracted  many  men  from 
the  States  on  the  Ohio  River.  Later  on  there  was  a  considerable  influx 
into  the  Wisconsin  lead  region  of  Cornish  miners,  who  were  of  considerable 
importance,  because  of  their  industry  and  shrewd  mining  knowledge, 
which  enabled  them  to  take  hold  of  abandoned  mines  and  still  get  a 
profit  from  them.  In  1849  a  good  many  of  the  miners  of  Wisconsin 
went  to  California. 

In  the  early  days  of  lead  mining  west  of  the  Rocky  Mountains,  we 
find  wages  established  at  about  the  same  rates  as  at  the  present  time. 
A  wage  of  S3  to  $4  per  day  was  the  common  custom.     The  day  was  either 
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s  ri.iui>  or  10  hours.  liotli  the  rate  iind  the  hours  of"  work  v:iri«*<|  in 
clitTrrrut  raiups.  The  iiuiiiiiiuin  was  $."J  f«»r  10  hours'  work;  tho  maxi- 
iiiuin  wius  $4  for  finht  hours'  work.  .\t  |)rc.s<'iit  tlu»  luiiiiiiiuin  i.s  %^i  for 
10  hours'  work,  and  the  iiiaxiinuiii  is  $H.'yii  for  S  hours.  This  high 
scale  of  wages  was  ostal»lislu'«l  in  the  early  days  when  men  were  coni- 
panitively  scarce  anil  when  the  cost  of  living  was  high,  hut  even  then  the 
net  earnings  of  the  laimrer  were  extraordinarily  high.  For  many  years 
back  —  37  or  more  —  the  regulation  charge  for  lM)ard  has  lK'<'n  $1  |x*r 
day  in  almost  all  camps  of  the  West,  and  the  food  that  is  supplied  in  a 
well-managed  company  hoarding-hou.so  has  lM*en.  and  is,  Iniuntiful  in 
•  plant if y  and  palatalile  in  (piality.  The  cost  of  lodging.  <lothing.  and 
other  necessary  ex|)eiLscs  i.s  comparatively  small.  .\  miner  Iijls  no  <lirti- 
culty  in  saving  50' ,'  of  his  income  if  he  de.sires.  anil  is  ahle  to  work  and 
to  get  work  for  a  n*markal)ly  high  |)ercentage  of  the  year.  There  are 
many  large  mines  which  show  !iO()  days  of  work  out  of  the  3(>5  jiossihle, 
year  after  year.  I  am  al>le  to  pre.sent  these  statistics  of  cost  of  living 
from  |)ers«)nal  exjjerience  more  than  20  years  ag«».  Ociilar  evidence  as 
to  the  high  net  earnings  of  the  Western  miner  is  to  l>e  found  in  the  large 
nundK*r  of  drinking  saloons,  ganihling  houses,  and  hrothels  which  exist 
in  every  mining  camp,  and  the  extravagance  of  the  miners  in  sup|>orting 
those  iastituti«)ns  and  in  giving  free  tv'iu  to  other  follies.  This  deplorable 
w:iste  is  contributory  to  high  cost  of  mining.  The  miners  n'gard  it  as  a 
prerogative  to  have  large  surplus  earnings  to  l>e  ex|M*nde»l  on  extrava- 
gant amu.sements;  or  to  enable  them  to  gain  sufficient  money  in  a  com- 
paratively brief  |>eriod  of  work  to  \to  idle  for  an  ecpial  i>eriod.  or  to  go 
otT  on  a  private  prosjx'cting  venture;  antl  con.'^e<iuently  have  bitterly 
resisted  all  attempts  to  reduce  wages  to  a  scale  corresjionding  to  the 
wages  paitl  miners  elsewhere  in  the  I'nited  States.  It  is  well  known  that 
the  wages  paid  west  of  the  Rocky  Mountains  an»  materially  higher,  in 
prt>|x)rtion  to  the  cost  of  living,  than  are  tho.se  paid  in  the  southwest  anti 
southeast  of  .Missouri  and  in  the  Like  Su|»erior  and  other  eastern  mining 
districts.'  This  condition  has  existed  during  the  l:ist  37  years,  ami  ninn*. 
>-ul>stantially  without  change. 

The  spirit  of  the  labor  situation  in  the  West  was  accurately  >«t  i<>rih 
by  Dr.  Raymond  in  his  re|Mtrt  as  commi.s,xioner  of  mining  statistics  for 
|s('»'.>.  when*  he  sai«l  (p.  120):  "The  rates  of  labor  in  ea-^tem  Nevatia 
h.ive  not  changj'd  for  several  years.  ...  In  general,  any  white  man  wln» 
will  work  at  all  demands  $^\  [x'r  <lay  for  his  lalwir.  It  <hK\s  not  matter 
whetlier  he  is  a  green  hand  ...  or  ha.s  worke«l  in  the  ilistrict  since  iti«  first 
disc«)very.  there  is  one  common  price.  .  .  .  This  startling  injustice  works 
evil  to  iMith  lalM»n»r  ami  employer.  .  .  .  The  l»est  men  are  kept  <i«>wn  lor 

'  rh»'n'  nn'  rxr»'|>tion««  to  thw  Htatommt       TI>»t«'  an-  mjuw  |>lncT««.  rg.  Unite, 
.Mont.,  whi-rf  the  cost  of  living  i»  v«t>*  high. 
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the  benefit  of  the  poorest.  And  yet  the  working  classes  who  are  really 
most  injured  are  most  strenuous  for  the  continuance  of  this  absurd  sys- 
tem. .  .  .  The  miners'  leagues  insist,  and  generally  succeed,  in  the  suicidal 
demand  that  these  men,  whose  labor  has  such  different  values,  must  all 
receive  the  same  wages.  ...  It  would  be  a  great  improvement  if  labor 
were  classified  into  different  grades,  with  pay  proportionate  to  the  char- 
acter and  amount  of  work.  By  this  system  good  miners  would  get  the 
higher  wages,  which  they  honestly  deserve,  and  employers  would  get 
something  like  the  worth  of  their  money." 

On  p.  123,  Dr.  Raymond  says:  "The  ruling  rates  for  common  labor 
are  far  too  high.  .  .  .  There  is  no  good  reason  why  ordinary,  unskilled 
labor  should  be  cheap  elsewhere  and  dear  here.  The  country  is  easy 
of  access;  the  cost  of  living,  though  relatively  greater  than  in  some  States, 
is  nevertheless  entirely  disproportionate  to  the  high  price  jjaid  for  work; 
and  the  climate,  though  certainly  not  always  agreeable,  is  almost  uni- 
versally healthful.  Nor  has  it  proved  that  the  laboring  class  has  gener- 
ally benefited  by  the  existing  state  of  things.  Many  shining  examples 
there  certainly  are,  where  industry  and  economy  have  taken  advantage 
of  high  wages;  but  in  the  majority  of  instances,  the  working  man  earns 
the  money  only  to  enrich  the  gambler  or  the  dram-seller.  One  good 
reason  might  perhaps  be  assigned  for  the  continuance  of  these  high  rates, 
and  that  is,  that  it  is  of  great  help  to  many  prospectors  (who  are  doing 
the  hardest  and  best  work  in  the  State),  as  it  enables  them  to  earn  in  a 
few  months  enough  to  supply  them  with  provisions  and  materials  for 
the  remainder  of  the  year.  But  there  is  no  use  in  finding  new  mines 
if  we  cannot  make  them  available  when  they  are  foimd." 

Apparently,  Dr.  Raymond  exaggerated  the  uniformity  of  the  wage 
scale  in  1869-70,  inasmuch  as  his  own  reports  elsewhere  show  differences 
in  the  rates  paid  in  various  districts  to  first-class  miners,  second-class 
miners,  and  surface  laborers,  but  these  differences  were  comparatively 
slight  and  his  strictures  were  in  the  main  correct.  The  same  character- 
istics have  been  manifest  in  the  attitude  of  the  miners  of  the  West  up 
to  the  present  day. 

As  Dr.  Raymond  pointed  out,  the  excessive  demands  of  the  wage 
earners  were  from  the  outset  a  great  drawback  upon  the  development 
of  the  mines  west  of  the  Rocky  Mountains.  Efforts  to  secure  an  anieliora- 
tion  of  these  conditions  were  defeated  by  the  united  action  of  the  miners, 
who  formed  leagues  in  various  districts.  Unionism  among  them  was 
therefore  of  early  origin.  However,  there  was  no  serious  or  general 
strike  until  1880,  when  the  miners  of  Leadville  quit  work  and  practically 
every  mine  of  the  district  was  idle  during  the  month  of  June.  This  strike 
was  accompanied  by  many  acts  of  lawlessness. 

For  many  years  the  mine  operators  appear  to  have  been  afraid  of 
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the  niPM.  Thov  piirsiUMl  tho  i>«»li(v  <tf  Irtting  u  slfppinj;  Ann  lie  niul  nv(»i«lcM| 
any  action  that  wuuhl  stir  u|>  the  hihor  ({luvstioii.  It  ww  argued  in  pri- 
vate convrrsation  that  wages  wen*  too  high  —  some  Im»|i|  spirits  a<lvo- 
eate<l  openly  a  n'thHtion,  as  Dr.  Hayinond  <H<1  iw  early  i\n  1H70 — but 
no  one  was  siitliciently  «'<»urageouM  to  make  the  t\n*t  move.  Kven  at 
I^'adville  in  iSS.i,  when  the  outlook  for  the  mining  in«histry  wjus  «leei<le<lly 
gloomy  and  the  nece.ssity  f<ir  lowering  o|)crating  cost."*  a|)peare<l  preiwing, 
it  w:us  pro|)osed  to  reduce  wages,  liut  no  one  ventured  t4»  dc»  S4>.  One 
n'sult  tif  this  strong  attitude  of  the  miners  on  the  one  hand,  and  the  weak- 
ness of  the  o|)erators  <»n  the  other  hand,  wjis  a  great  irjcrea.s<»  in  the  mining 
done  un«ler  the  tribute  system,  i.e.,  the  system  wherein  various  {Kirtions 
of  a  mine  are  turned  over  to  parties  of  miners  wlu>  extract  for  their  own 
account  what  ore  they  can.  paying  a  jjcn-entage  thereof  to  the  owner  of 
the  njine.  The  tril)Ute  system  in  itself  is  a  highly  coimnendalile  one. 
.Many  mines  that  can  no  longer  Ik*  worked  pnditaldy  under  company 
nuiriagement  continue  to  give  good  returns  after  Ix'ing  turned  over  t<» 
tributers,  and  the  delving  of  the  latter  frequently  leads  to  thr  uncovering 
of  good  ore-lMidirs  that  the  company  can  advantage<»usly  take  over. 
However,  it  is  certain  that  the  high  scale  of  wjiges  hjus  cau.sed  m.'iny  mines 
to  Ix;  abandoned  t<»  tributers  long  l)efore  they  would  have  Ufn  un«ler 
less  onen»us  conditioiLs.  This  ha.s  Ikh'U  the  ca.sc  Ixdh  at  Kureka  and 
at    lieadville. 

It  remained  for  the  (\i'ur  d'.Mcnc  to  bring  the  lalntr  (|ue.«*tion  to  a 
head,  but  even  there  the  fight  n\solved  itself  simply  into  maintenance 
<if  law  an«l  order,  and  the  prcj^ervation  of  coast  it  utional  right.s.  rather 
than  the  adjtistment  of  wjiges  to  eccuiomic  conditions.  The  huig  reconi 
<»f  lalM»r  tnmblrs  in  that  district  is  given  in  the  chapt<'r  on  blaho  and 
Montana.  These  originated  at  Butte.  .Mont.,  where  the  local  union  was 
stnuig  :in<l  turbulent.  In  .M(uitan;i  there  w:us  a  spirit  of  lawlo.ssnes8, 
like  unto  that  which  prevalieil  in  the  anthracite  n'gion  of  rcnn>ylvania. 
which  dated  from  the  early  days  of  Bannock.  Virginia  City,  and  .\hler 
(lulch.  when  the  safety  of  life  and  pn^x-rty  against  munlcn'rs  and  n»bl>erH 
had  to  Ik'  in.'iured  by  the  «M|ually  l.iwU»ss  act.s  «»f  vigilantes.  We  have 
to  go  to  California  to  funl  the  like  <»f  this  situation.  The  early  history 
of  Colorado,  I'tah.  and  the  other  Western  States  is  a  reconi  of  rough  life 
and  many  i.Holated  d«*<'ds  of  violence,  Imt  nothing  approaching  the  wi«le- 
.Hprrad,  <»rgani74*d  rrinunality  which  exi.Kte<l  in  Montana.  It  is  probable 
that  the  latter  iaspired  the  lawlessne.sM  which  characterized  the  attitude 
of  the  laUjr  union  at  Butte  almost  fnun  the  Iteginning.  When  the  minej» 
of  the  C<rur  d'Alene  were  o|)ene<l  the  miners  came  largely  from  Montana, 
and  they  brought  their  idea.s  with  them. 

Kn»m  the  Itegirming  it  w.-is  ditlicult  to  develop  the  low-gradc  mines 
»»f  the  Cteur  tlWIene  un«ler  the  high  Mtmtana  .•«cale  of  w:igf>:(.     When  the 
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prices  fi)r  lead  and  silver  fell  so  heinily  in  1S93,  it  became  impossible 
to  continue  ojx^rations  on  the  old  basis.  The  series  of  strikes  which 
followed  the  attempt  of  the  operators  to  ameliorate  conditions  is  recorded 
elsewhere  in  this  work.  After  many  years  of  disorder,  during  which 
neither  life  nor  property  were  safe,  a  conclusion  of  the  troubles  was  not 
reached  until  the  district  had  been  placed  under  martial  law,  the  ring- 
leaders of  the  labor  unions  had  been  induced  to  leave  the  district,  and 
the  card  system  of  employment  had  been  introduced.  The  card  system 
was  the  result  of  an  agreement  among  the  operators  that  no  man  would 
be  employed  by  them  unless  provided  with  a  card,  issued  by  their  asso- 
ciation as  evidence  of  good  character.  As  the  final  outcome  of  the  labor 
war  in  Idaho,  the  miners  continued  to  receive  S3. 50  per  shift  of  eight 
hours,  which  the  operators  were  then  able  to  pay  because  of  the  higher 
prices  for  lead  ami  silver,  but  the  operators  were  set  free  from  the  tyranny 
of  the  union  and  could  feel  secure  in  the  possession  of  their  property. 
The  great  prosperity  of  the  Coeur  d'Alene  dates  from  that  time. 

When  the  panic  of  1803  closed  many  of  the  mines  of  Colorado  and 
Utah,  it  was  considered  that  at  last  the  time  was  ripe  to  bring  about  a 
general  reduction  in  the  wage  scale.  However,  the  riots  in  the  Coeur 
d'Alene,  when  only  a  small  reduction  was  attempted  there,  showed 
promptly  what  was  to  be  expected  from  any  more  drastic  or  more  general 
movement  elsewhere.  By  that  time  the  Western  Federation  of  Miners 
had  acquired  a  strong  hold  in  many  of  the  mining  camps  of  the  Rocky 
-Mountains.  Men  who  had  worked  in  the  Coeur  d'Alene  scattered  through 
the  other  States  and  sowed  the  seeds  of  discontent,  cupidity,  and  law- 
lessness. This  was  to  result  in  the  actual  warfare  in  Colorado  which 
lasted  off  and  on  for  five  years,  the  Western  Federation  of  Miners  being 
practically  in  rebellion  against  the  State,  which  had  to  exert  its  full  mili- 
tary power  to  quell  it. 

As  I  have  previously  pointed  out,  the  mine  operators,  struggling  for 
25  years  against  an  exorbitant  scale  of  wages,  and  during  the  latter 
part  of  that  period  against  tyrannous  actions  of  the  unions,  found  them- 
selves compelled  at  last  by  commercial  conditions  to  make  a  stand  for 
more  favorable  terms  or  cease  to  work  their  mines.  In  a  few  districts, 
especially  Aspen,  Colo.,  where  the  conditions  were  so  obvious  that  even 
the  miners  could  see  that  it  was  indeed  a  question  of  making  a  concession 
or  losing  their  work  entirely,  a  reduction  of  wages  was  agreed  to,  the 
operators  on  their  part  promising  to  restore  the  old  scale  when  the  price 
of  silver  should  rise  above  a  certain  figure.  This  promise  was  fulfilled 
in  190G.  In  the  majority  of  cases  the  operators  backed  down,  which 
defeated  what  might  have  been  accomplished  by  concerted  action.  In 
some  cases  the  attempts  of  the  operators  were  fought  ])y  strikes  of  the 
miners,  in  which  rioting  and  bloodshed  were  promptly  begun.     The  record 


of  tlu?  strikos  ut  Cripple  I'rirk,  Lrmlvillf,  Tcllurule,  Clear  Crwk,  and 
ill  the  coal  fields  forin.s  a  part  of  the  general  history  of  lalxir  in  the  Ciiite*! 
States.  The  criniiiial  tlest ruction  of  pro|M'rty  l>y  dynamite,  the  murder- 
ing of  many  honest  men  and  the  maiming  of  others,  and  all  the  other 
evil  results  of  the  consjiiracy  and  n-U'llion  promoter!  hy  the  worst  laUir 
utdon  that  the  Inited  States  has  known,  not  even  excepting  the  Molly 
Ma^uires,  is  an  ineradicalile  hlot  upon  our  industrial  history.  No  lehs 
a  Itiot  is  the  lawless  action  to  which  the  as.sociate<l  mine  ownerM  were 
tliiven  to  combat  the  lawlessness  of  the  men.  The  «iutcomo  was  the 
same  as  in  the  Cieur  il'Alene,  viz.,  the  restoration  of  onler  liy  nuirtial 
law  anil  the  rccstahlishment  of  the  freedom  of  lalntr  hy  military  jMiwer. 
As  in  the  C<rur  d'Alene,  the  card  system  of  employment  was  intr(Miuc(>d 
and  the  scale  of  wages  wa.s  continued  as  In-fore  the  silver  panic,  the  i)reii»- 
inp  necessity  for  a  reducti<»n  having  pa.ssed  away  in  the  meanwhile. 

Thus  we  find  at  the  end  of  11K)7  substantially  th<*  same  scale  <»f  wages 
as  existed  in  ISCi*)  and  earlier.  The  pay  of  miners  then  was  $.'{  to  $4 
per  day.  Now  it  is  $.i  to  $.'^.75  [kt  day,  $^J  being  the  conunon  nitc  in 
Colorado  and  S^t.oO  in  Idaho  and  Montana.  Hut  wheri^a.s  the  shift  of 
10  hours  was  ftirmerly  the  common  practice,  n«)W  in  most  districts  the 
shift  is  only  eight  hours.  In  tlie  meanwhile  the  cost  of  living  has  \ycvn 
rcnluceil.  In  ISOU  the  rate  for  l>oard  was  commonly  SI  |>er  day;  it  is 
the  same  now.  But  the  co.st  of  clothing,  miscellaneous  supplies  and 
luxuries  has  l)een  greatly  nnluced.  The  mining  camps,  which  2t)  years 
ago  u.sod  no  coins  smaller  than  nickels,  now  con.sent  to  employ  |>ennics. 

In  the  smelting  industry  the  conditions  have  Uvn  cjuite  difTerent. 
In  the  early  days  of  lOureka  and  the  other  camps  where  the  smelting 
wa.s  done  at  the  mines,  the  wages  paid  in  the  works  rule<l  on  as  high  a 
scale  as  tho.se  which  prevailed  in  the  mines:  but  as  the  smelting  Ix'came 
c<»ncentrate<l  in  works  away  from  the  mines  oiH-rations  gra«Iually  trann- 
formetl  tlicm.selves  to  the  siime  basis  a.s  in  other  manufacturing  indus- 
tries. Wages  have  gradually  come  <lown,  which  has  playe<l  an  im|><)rtant 
part  in  the  economy  efTected  in  smelting  cost.  I'nlike  the  miner,  the 
smelter  is  not  the  victim  of  the  gambler  and  the  dram-seller;  at  least 
not  to  the  .same  extent. 

Of  the  eastern  lead  di.stricts,  Joplin  has  l)eon  notoriously  ft  non-union 
ramp,  but  in  llM)r)  it  l>egan  to  l>e  unionizt^l.  The  only  lalntr  tn)ubles 
in  the.so  districts  arc  tho-M^  which  <»cc»irre<l  recently  in  southeastern  Mis- 
.Houri,  n'ferre<I  to  in  the  <hapter  on  that  State.  In  depicting  the  inten'st- 
ing  laUir  situation  in  Mi.ssouri,  I  ran  do  no  l>elter  than  quote  in  full  :in 
article  which  api)eare<l  in  the  Emjinecrimj  nnd  Mining  Journal  of  N«»v. 

"In  Mi.H.s«niri  there  arc  two  imfKirtant  mining  ilistrirlH.  The  Joplin 
tli.-strict.  in  the  .southwest,  is  the  largest    pHnlucer  of  atinr  in  the  Initeil 
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States.  The  mines  of  St.  Frangois  County,  in  the  southeast,  rank  that 
district  as  the  second  largest  producer  of  lead.  The  Joplin  district  is 
also  a  considerable  producer  of  lead  from  ore  concentrated,  as  a  by-product, 
in  the  milling  of  the  zinc  ore.  Such  comparisons  as  are  to  be  made  in 
this  letter  are  not  for  the  purpose  of  pointing  out  the  relative  merits 
of  the  two  districts  as  fields  for  mining  operations,  but  merely  to  show 
in  a  striking  way  the  baneful  results  of  the  labor  union  policy  as  applied 
to  mining.  Every  one  knows  what  the  results  have  been  in  Colorado, 
but  — fortunately  lacking  the  gloomy  record  of  outrage  and  bloodshed 
—  Missouri  presents  the  more  instructive  industrial  picture  of  before 
and  after,  which  it  can  show  contemporaneously. 

"The  ore  mined  at  Joplin  yields  on  the  average  about  4.5%  of  blende, 
worth,  say,  $35  per  ton,  under  the  normal  conditions  of  the  present  time, 
and  0.59r  galena,  worth,  say,  $50,  or  an  aggregate  of  5%  of  mineral  worth 
about  $36.50.  The  ore  mined  at  Bonne  Terre  and  Flat  River  yields 
about  5%  of  galena,  worth  about  $37.25  per  ton  f.o.b.  mines,  when  lead 
is  at  4  c.  St.  Louis.  At  Joplin  there  is  great  and  general  prosperity. 
In  St.  Francois  County  the  mining  companies  are  struggling  along  at 
little  or  no  profit,  hoping  vainly  for  an  amelioration  in  the  conditions. 
It  is  strange  that  ore  of  the  same  grade  and  value  can  be  worked  profitably 
at  one  place  and  cannot  be  worked  profitably  at  another  place  in  the 
same  State,  especially  when  the  physical  conditions  are  all  apparently 
in  favor  of  the  unprofitable  mines. 

"At  Joplin  there  are  comparatively  small  lenses  of  ore  and  sheet 
deposits,  averaging  only  about  8  ft.  in  thickness,  the  mineralized  ground 
being  the  hardest  kind  of  chert.  The  mines  are  worked  in  a  crude  kind 
of  way,  opened  by  small  shafts,  hoisting  ore  in  small  tubs  by  means  of 
uneconomical  engines,  and  dressing  the  ore  in  ramshackle  mills  of  com- 
paratively small  capacity,  the  entire  cost  of  opening  a  mine  and  equip- 
ping it  with  plant  to  treat  10  tons  per  hour  being  only  about  $15,000. 
At  Bonne  Terre  and  Flat  River  there  are  immense  shoots  of  ore,  affording 
stopes  of  20  ft.  to  80  ft.  in  height,  and  width  almost  to  suit;  the  ore  an 
easily  mined  dolomite,  ground  of  character  requiring  no  timbering,  depth 
of  mines  only  slightly  greater  than  at  Joplin,  and  no  greater  influx  of 
water,  except  in  two  or  three  instances;  the  mines  opened  by  fine  large 
shafts,  equipped  with  nearly  the  most  modern  facilities;  the  ore  dressed 
in  complete  and  costly  mills  of  500  to  1500  tons  daily  capacity.  Surely 
St.  Frangois  County  has  all  the  advantages  of  physical  condition,  and 
theoretically  ought  to  surpass  Joplin  in  operating  costs.  The  explanation 
of  why  it  does  not  involves  some  technical  factors,  but  the  chief  cause 
is  to  be  found  in  the  character  of  the  miners  and  their  work. 

"The  mines  of  St.  Frangois  County  used  to  make  money.  The  mini- 
mum price  of  lead  in  the  history  of  that  metal  did  not  stop  them,  and 


I. AIM  IK   (  oNDllloNS  'J.T) 

iIh'v  liuvf  .sluiwii  utMiil  jirnliUs  wlu-ri  load  wjus  r<tn.Hiil(*rui*ly  U'.hm  than  l  v. 
IH*r  II).  This,  hnwfvrr,  \\i\s  \ivUirv  tho  hilntr  uiiicm  wu^  organized  in 
the  district. 

"The  Mjinrs  <if  St.  Irain;<»is  County  an-  o|NTat4*cl  l)y  largf  t<>in|mnifM. 
Tho  cost  of  oiHMiinK  and  (Minipping  a  mine  there  is  so  large  that  u  roni- 
pariy  with  almndant  capital  is  n'qiiirtMJ.  For  that  n-.xHon  there  is  no 
leji>ing  nor  any  individual  ojierations.  The  condition  of  the  miners 
\v;i.s  good;  tln'V  wen*  paid  high  wages,  im  coin{>ared  with  the  scale  f<ir 
other  trailcs  in  that  part  of  the  country;  the  (lay'."  work  of  10  houn*  wiis 
no  longer  than  was  n'cjuinMl  of  other  artisans;  the  mines  were  sanitary 
and  in  no  way  espe<ially  dangerous;  the  men  were  well  caretl  for  hy  the 
companies.  The  entire  mining  district  is  pleasantly  situated,  far  more 
plea.santly  than  the  average.  The  climate  is  good;  all  the  conditiotis 
«»f  living  are  good.  The  men  were  well  satisfied,  and  a  general  air  «»f 
pn)sperity  |x»rvaded  the  entire  district.  This  w:ls  lx?fore  the  {Miisoas 
of  unionism  and  .socialism  were  contracteil. 

"  In  the  struggle  which  ensued  the  unions  were  victorious.  The  com- 
panies made  no  fight  in  line,  shoulder  to  shoulder.  Sune  of  them  made 
no  fight  at  all.  and  surrendered  without  a  shot.  The  others  fought  alone, 
one  l)y  one,  and  were  overwhelme<l  one  after  the  other.  The  tinions 
won  an  incre:i.sc  in  wages,  a  reducti«»n  in  working  time  to  eight  hours 
|»er  day.  and  the  victor's  right  to  desjjisc  the  concpiered,  which  in  suc- 
i-e.ssftil  lalM»r  wars  takes  the  form  of  cheating  the  emplf»yer  in  the  work 
that  he  pays  for.  The  amount  of  work  done  per  hour  at  Flat  Hiver 
is  materially  less  than  l)efore  the  advent  of  the  union.  This  is  the  chief 
reason  why  the  mines  of  .southeastern  .Mi.>vsouri  are  not  making  money. 

".loplin  has  never  l)een  tainted  with  unionism.  It  h;us  always  l)eon 
the  great  camj)  of  the  small  miner.  The  capital  nMpiired  to  open  and 
operate  a  mine  there  is  not  large,  and  the  ofxrators  thcm.M'lves  to  a  large 
extent  take  hold  and  work  with  their  men.  Fvery  hired  man  wears 
on  his  head  the  hat  of  a  future  «ti)erator.  He  saves  his  money,  and  .s<M»ner 
or  later  does  some  pn>sj)e<"ting  on  his  own  account.  If  he  is  lucky,  g<M)d 
for  him.  If  he  is  unlucky,  he  goes  hack  to  work  until  he  can  save  enough 
to  try  it  again.  I']verylK)dy  works  hard  —  works  hani  every  minute 
of  the  day.  and  when  the  day's  work  is  done  he  seeks  enjoynu*nt  in  such 
way  as  niost  ap|K>als  to  him.  The  general  :ispect  of  things  at  Joplin 
and  Flat  Hiver  shows  at  first  sight  that  the  Joplin  man  h:us  the  niore  fun. 
The  man  who  has  d«»ne  a  g<»od  s<juare  <lay's  work  is  l»ett4T  calculated  to 
enjeiy  him.self,  anyway,  than  the  num  who  has  listlessly  loafed  through 
his  t:usk.  And  the  Joplin  men  certainly  work.  A  pair  of  men  break 
more  to  the  drill  in  their  luird.  flinty  ground,  with  no  very  high  hrpitst.-" 
to  stopo  on.  than  the  Flat  River  man  hrrnks  in  his  magnificent  cliamliers 
in  limestone,  and  when  it   comes  to  shoveling  and  tramming  there  Is  no 
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comparison  at  all.  Nor  has  the  former  any  kind  company  to  provide 
him  with  lavatories  and  lockers,  look  out  for  his  safety,  and  pay  him 
damages  for  unavoidable  accidents.  The  Joplin  man  simply  takes  his 
chances  —  often  they  are  big  chances  —  puts  in  an  honest  day's  work, 
and  gets  on  in  the  world  if  there  is  anything  in  him  at  all.  But  Joplin 
has  no  union.  Joplin  has  the  best  American  spirit,  and,  consequently, 
J(»plin  is  prosperous  and  can  mine  5%  ore  with  little  tubs  and  ramshackle 
mills  and  make  money,  while  the  far  greater  deposits  of  an  equally  valu- 
able ore  in  St.  Francois  County  cannot  be  made  to  pay  a  reasonable 
return  on  the  capital  required  to  work  them." 

The  changes  in  the  rates  of  wages  in  southeastern  Missouri  since 
the  mining  industry  there  became  well  organized  are  shown  by  the 
following  table  prepared  from  the  records  of  the  St.  Joseph  Lead  Co., 
which  I  owe  to  the  courtesy  of  Mr.  Dwight  A.  Jones,  president  of  that 
company. 


Year 

Drillers 

Backhands 

Year 

Drillers 

Backhands 

1870-1877 

1.75 

1..^0 

1896 

1.25 

1.00 

1877-1878 

1.50 

1.10 

1897 

1.3.5-1.45 

1.10-1.20 

1879 

1.20 

1.00 

1898 

1.45 

1.20 

1880-1883 

1.25 

1.10 

1 899-1 CO 1 

1.60 

1.30 

1884 

1.50 

1.25 

1901 

1.65-1  .eo 

1.3.5-1.30 

1885 

1.35 

1.10 

1902 

1.60 

1.30 

1886-1890 

1.50 

1.15 

1903 

1.80 

1..50 

1890-1893 

1.60 

1.25 

1904-1906 

l.CO 

1.60 

1893 

1.40-1.50 

1.1.5-1.25 

1906 

2.00 

1.70 

1894 

1.25 

1.00 

1907 

2.25 

1.95 

1895 

1.15-1.25 

.90-1.00 

Until  1S9.3  the  shifts  were  eight  hours;  from  1893  to  1901  they  were 
10  hours;  from  1901  to  1907  they  were  eight  hours.  Of  course  it  requires 
only  a  superficial  examination  of  this  table  to  show  the  remarkable 
increase  in  wages  during  the  six  years,  the  pay  of  drill-runners  having 
increased  from  16  c.  per  hour  in  1901  to  28  c.  per  hour  in  1907.  The 
reports  of  the  State  mine  inspector  show  that  the  mines  of  this  district 
operate  uniformly  about  306  days  per  annum. 


W  II 


Ti{\i)i:  .\(iKi;i:Mi.Ms  .\\i>  (  (imi;i\  \i  ions 

'\')\y.  sil\rr-l(';i<l  iiidiistry  liml  lianlly  iHcnmc  fnirly  >t;irt<-il  ulu-ii  tlio 
rapid  drclinr  in  the  price  for  the  metal  irnliiced  l»y  the  lar^e  new  produc- 
tion alarmed  the  producers,  es|»ecially  those  of  Missouri,  who  were  more 
deiHMidriit  u()on  the  price  than  were  the  (»thers.  We  have  seen  alriMuly 
how  they  united  to  op|)ose  the  movement  of  the  consumers  towani  a 
reduction  in  the  tariff.  In  IS77,  tinder  the  pressure  of  the  incrcjisinK 
pnuluction  in  I'tah  and  Nevada,  the  price  of  lead  declined  unfitly,  in 
spite  of  a  s|H'culativc  movement,  early  in  the  year,  to  maintain  it.  At 
the  l)e)!inninK  «>f  1"S7S  a  lan;c  stock  of  lead  had  accunnilated  in  the  hands 
of  the  producers.  Its  volume  continued  to  swell  and  the  price  continueij 
to  decline.  The  average  for  I'ehruary.  1S7S,  wjis  '.i.7.'}  c.  New  \"ork. 
Matters  were  taking  so  serious  a  ttirn.  that  at  tiie  suggestion  of  the  Mis- 
souri intC'H'sts  a  meeting  of  the  leading  lead  miners  and  smelters  of  the 
whole  country  w:us  held  at  St.  I^ouis  in  March  to  ccuisider  a  n'me<ly.  As 
a  result  of  this  meeting  the  finnlucers  organized  the  American  Pig  I^ead 
A.'v**ociation.  the  memlnTs  «)f  which  l>ound  themselves  not  to  .h-II  h-ad 
at  a  price  le.ss  than  1  c.  deliven^d  at  New  York.  With  the  market  aln-ady 
at  .'J.75  e.,  this  attempt  to  unite  such  radi<'ally  divergent  interests  jls 
th<Kso  of  Mi.s.s<»uri  and  I'tah-Nevada  w:us  folly.  The  memlnTs  di<l  not 
stick  t<»  their  jignxMuent.  and  the  effort  proved  a  c(unplete  failun-.  In 
June  the  average  pri<e  wjts  ',].'M)  c.  Ijiter  in  the  year  the  falling  ofT  in 
the  pn»ducti«M)  in  I'tah  and  the  shipment  of  the  surplus  «if  .Nevada  lead 
to  China,  together  with  an  increjL***'  in  the  domestic  coasumption.  strength- 
ened the  |M>sition  of  the  metal,  although  the  refKirta  of  the  e.xlraordinary 
developments  at   Ix-adville  cau.*ied  unej»sine.s.s. 

There  wjis  no  other  attenipt  to  contnd  the  pri<"e  <»f  the  metal  iintil 
more  than  2()  yenrH  later,  although  there  were  sevenil  8h(irt-li\-c<l  and 
more  or  less  inefTecttuil  associatioiLs  fonued  to  regtilate  c«tndition.s.  r«»l- 
lowing  the  great  depre-ssion  of  1S7S  the  history  of  the  bu-sine-ss  for  many 
years  is  one  of  u|w  and  down,  resulting  fn»n>  the  dLHeoveriew  of  new,  easily 
worked  sup|>li(>s  of  ore.  the  fieree  and  tinn'str.-iined  com|»etitii»n  among 
the  smelters,  the  cffeet  <»f  railway  discriminatioas  ami  the  lluctuatiiuvs 
in  the  demand  for  consumption.  On  the  whole,  the  conditions  of  the 
21)  years  previous  to   ISUfS  were  uivsatL^factonk',  ami  the  complaint   was 
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general,  being  relieved  only  for  brief  periods  when  a  good  demand,  with 
the  aid  of  s}5eculative  interests,  sustained  the  market.  The  great  increase 
in  the  production  of  Leadville  in  1879  coincided  with  the  inauguration 
of  a  great  "boom"  period,  wherefore  this  new  supply  of  lead  was  readily 
absorbed  in  an  advancing  market.  However,  by  1883,  the  market  had 
gone  down  so  that  even  the  Leadville  producers  were  complaining  of 
the  condition  and  were  considering  the  closing  of  some  of  their  mines 
and  the  taking  of  joint  action  to  improve  their  status.  Among  other 
things  a  reduction  in  the  wages  of  the  miners  was  seriously  considered, 
but  that  step  was  not  ventured.  The  general  outlook  was  so  gloomy 
that  the  leading  miners  and  smelters  of  the  State  organized  the  Western 
Mining  and  Smelting  Association  to  consider  the  questions  of  restriction 
of  output,  reduction  of  wages,  reduction  of  freight  rates,  etc.  However, 
nothing  was  accomplished  beyond  a  general  discussion  of  the  troubles. 
Neither  railway  rates  nor  wages  were  reduced.  The  smelters  had  been 
sailing  as  close  to  the  w4nd  as  possible  for  some  time  previous.  The 
industry  continued  as  before,  and  after  all  the  situation  was  probably 
not  quite  so  bad  as  it  was  felt  to  be  at  the  time. 

In  the  early  eighties,  the  smelters  of  Colorado  made  some  agreements 
to  regulate  the  conditions  of  sampling  and  assaying  of  ores  purchased, 
but  otherwise  the  competition  among  them  was  fierce  and  unrestrained 
(see  chapter  on  Colorado).  The  Denver  and  Pueblo  smelters  competed 
with  those  of  Leadville  and  Salt  Lake  on  their  own  ground,  aided  by  the 
rates  made  by  the  railways,  which  liked  to  obtain  the  long  hauls  of  ore 
rather  than  the  less  tonnage  of  bullion.  The  smelters  of  the  various 
districts  competed  with  each  other.  The  miner  who  was  dissatisfied 
with  the  terms  or  treatment  of  one  smelter  could  open  negotiations  with 
many  others.  As  for  the  smelters  themselves,  some  made  a  good  deal 
of  money;  some  did  only  moderately  well;  others  lost  money  and  went 
out  of  the  business.  In  1888  the  high  prices  for  lead  produced  by  the 
attempt  of  one  Corwith  to  corner  the  market  gave  a  brief  period  of  general 
prosperity,  but  this  was  short  lived,  and  his  failure  caused  a  collapse  in 
the  market.  The  stocks  accumulated  in  this  attempted  corner  hung 
over  the  market  for  two  or  three  years,  and  as  a  consequence  the  price 
was  generally  low,  but  in  the  fall  of  1890  an  increasing  demand  absorbed 
the  stocks  and  elevated  the  price  to  nearly  6  c,  so  that  several  thousand 
tons  of  foreign  lead  were  entered  for  consumption.  After  that  there 
was  a  general  downward  tendency  and  the  silver  panic  of  1893  precipi- 
tated prices  to  a  low  level  from  which  they  did  not  recover  for  many 
years. 

In  the  meanwhile  the  fierce  competition  among  the  smelters  con- 
tinued and  margins  were  cut  down  to  low  figures.  There  were  three 
parties  in  the  struggle,  viz.,  the  refiners,  the  smelters,  and  the  miners. 
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The  siiu'ltrrs  homiiUHl  in  by  \\\v  Irrnis  of  tin*  rpfiiHTH  <>n  «njo  wido  und  fight - 
iiiK  amoiin  t  ht'iiiM'lvf.s  lo  p'l  from  thf  iiniuTx  ihr  .supply  «»f  nrt*  nMjuiriil 
to  keep  their  funmre8  going  were  in  tin  unhappy  |M>Mition.  It  wim  n>al- 
izeil  timt  this  couUl  not  safely  continue,  and  coiiMMpicntly  the  principal 
stnelters  «)f  Colorado  (all  but  one  of  thox-  at  l/«'adville  ha<l  aln-ady  (put 
the  business)  formed  an  association  to  limit  the  prices  to  Ik'  paid  for  oreu. 
This  was  in  \S\)\.  The  combination  met  the  fate  of  n«any  loos<«  under- 
standings of  that  time,  and  wi-nt  to  pi«'ce.s  early  iti  IH'.C),  when  sharp 
com|M'tition  was  again  inaugurated 

However,  the  association  of  1S*M  '.».')  showed  clearly  the  advantage 
that  wjus  to  Ik*  gaincMi  from  such  c(M>|H'rat  ion  arul  pave<l  the  way  for  a 
stronger  association  a  little  later  on.  As  has  Ikhmi  n'|M'ate<lly  jxiinteil 
out  in  this  work  it  is  essential  to  succe.ssful  .silver-lead  smelting  to  liave 
ores  of  varii>us  kinds  and  in  tin*  projH'r  |)roportions  to  make  a  gcMul  flux- 
ing mixture,  i.e.,  a  mixture  which  will  produce  an  economical  slag  without 
the  nece.ssity  of  adding  more  than  20','  of  barren  Muxes.  It  was  the 
inability  to  conform  to  that  condition  which  made  smelting  so  unsuccoss- 
ful  in  the  early  days  at  Salt  Lake,  while  with  the  .s<«lf-lluxing  ore  of  Kurf>ka 
it  (piickly  iK'came  successful.  In  the  com|H'tition  among  the  smelters 
of  l'o|«»rado  and  I  tah.  l)etween  IKSl  and  I'.KM).  the  stress  generally  came 
fn)in  this  necessity.  One  smelter  might  U*  well  stocke<l  up  with  .silicious 
and  limy  <tres.  but  lacke«l  irony  ore  and  ha«l  to  have  it  at  any  cost.  An- 
other might  have  enough  limy  and  irony  ores,  but  esjM'cially  nee<le<i 
.silicious  ore.  Kvery  one  nec<le<i  lead  ore  at  almost  all  times  (.see  chapter 
on  C'olonido).  The  evils  of  this  condition  were  increase<i  by  the  lack 
of  foresight  of  .some  smelters  in  stocking  up  ahead.  It  will  U*  readily 
seen  how  the  conijietition  inspire*!  by  an  ample  sm«'lting  capacity  was 
inflameil  by  this  e.s.s<'ntial  re«|uirement  of  the  business  an«I  cau.s^il  cuts 
in  price  which  wifKnl  out  margins.  Nor  was  the  com|H'tition  of  umniti- 
gate<l  l)enefit  to  the  miners.  Some  of  the  latter  did  inde<Nl  lienefit  greatly, 
but  just  .so  rmich  as  they  gaine<I  an  advantage,  the  smelters  had  to  try 
to  re<*<»up  it  out  of  «»ther  mitiers.  Thus  the  <-utting  off  of  the  supply  ni 
Mexican  lead  ore  was  t«>  the  advantage  of  the  domestic  pHnlucers  «»f  lead. 
but  the  prinlucers  of  dry  ores  ha<l  to  nuike  it  up  by  an  increase  in  smelting 
charges  (»n  their  pr«Mlucts.' 

The  outconie  of  the  competition  among  the  .smelters  was  the  organiza- 
tion of  a  clearing  h<»u.so  which  purcha.se<l  the  on*s  at  a  fixe<i  .scljoilule, 
and  distributctl  them  among  the  various  smelters  so  as  to  give  each  one 
his  equitable  share  of  the  total  t«»nnage  and  in  the  re^piisitc  pm|x>rtion 
as  to  kind.     This  as.sociation  was  f«»rme<l  in  Novemlier,  IS97.     The  mcet- 

'  .\rr»>nlinjr  In  Tho  MiiMTnl  Itvlunln*.  I.  p   314.  thr  rtrluwon  of  M-  \  l  1  orr 

by  tho  («n(T  li>l  to  nn  «vrngrr  inrn-.-wi'  of  tJ  oO  jxr  ton  in  thr  lunrltttif;  <  .  dry 

ores  in  the  I'nitcd  St«trs  in  IS'U'J 
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ings  of  the  smelters  at  tluit  time  were  initiated  with  a  view  to  forming 
an  actual  consolidation,  but  it  proved  that  the  ideas  as  to  valuations, 
etc.,  were  too  wide  apart  to  enable  agreement  upon  a  practicable  plan.* 
Moreover,  the  loud  outcry  of  the  miners  showed  immediately  tliat  any 
effort  in  this  direction  would  meet  with  much  opposition.  The  Emji- 
necring  and  Mining  Journal  considered  that  it  would  be  a  great  misfor- 
tune to  the  miners  if  the  smelters  should  consolidate,  but  predicted  that 
they  would  assuredlv  come  to  that  if  they  continued  to  lose  money  in 
the  business,  and  remarked  that  it  was  undeniable  that  they  had  been 
losing  heavily  through  paying  too  much  for  their  ores.-  As  it  was,  the 
new  ore-buying  association,  which  entered  into  an  agreement  with  the 
mill-men  of  the  Cripple  Creek  district  as  to  the  division  of  and  rates  on 
its  ores,  was  bitterly  opposed  by  the  mine  owners,  who  regarded  it  as  a 
trust  and  organized  associations  of  their  own  in  defense.  How'ever, 
those  served  no  very  good  purpose.  The  smelters'  association  proceeded 
on  its  way  and  made  terms  to  which  the  miners  had  to  accede.  The 
relations  between  the  smelters  and  the  larger  producers  became  entirely 
friendly,  but  among  the  smaller  producers  there  developed  a  feeling  of 
injustice  which  still  survives.  However,  the  alarm  of  the  miners  in 
1897  proved  unjustified.  The  smelters  simply  raised  rates  sufficiently 
to  put  their  business  on  a  profitable  basis,  which  previously  was  not  so. 

The  success  of  the  ore-buying  association  paved  the  way  for  the  actual 
consolidation  of  the  smelting  industry  which  was  begun  in  1899.  It 
having  been  proved  that  there  was  great  benefit  in  the  elimination  of 
the  previously  disastrous  competition  in  the  buying  of  ores,  the  indi- 
vidual smelters  were  ready  to  listen  to  the  claims  of  promoters  who  pointed 
out  the  further  advantages  that  would  arise  from  the  actual  consolida- 
tion of  all  the  works  and  the  closing  of  such  of  them  as  were  antiquated, 
uneconomical,  and  unnecessary.  This  was  the  era  of  great  industrial 
consolidations,  a  boom  of  dazzling  strength  was  just  setting  in,  and  it 
was  natural  that  shrewd  promoters  should  see  the  possibilities  of  such 
a  combination. 

The  result  was  the  organization  in  i\Iarch,  1899,  of  the  American 
Smelting  and  Refining  Co.,  with  a  capital  stock  of  .S6o,000,0{)0,  one-half 
in  7%  preferred,  the  other  half  in  common,  $27,400,000  each  of  preferretl 
and  common  being  issued.  This  company  took  in  the  United  Smielting 
and  Refining  Co.  (smelteries  at  Great  Falls  and  Helena,  Mont.);  the  Na- 
tional Smelting  and  R,efining  Co.  (refinery  at  Chicago);  the  Omaha  & 
Grant  Smelting  and  Refining  Co.  (smelteries  at  Denver,  Colo.,  Durango, 
Colo.,  and  Omaha,  Neb.,  and  refinery  at  Omaha);  the  Pueblo  Smelting 

'  Between  1895  and  1897  tliere  had  been  considerable  talk  as  to  the  advantage 
of  a  smelter  consolidation,  and  in  various  districts  there  had  been  more  or  less  definite 
understandings  as  to  terms  for  buying  ore.  -  December  18,   1897. 
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ami  kj'Iiniii;;  t  u.  isuu'ltrry  aini  icliiurv  at  riirljli),  Inliij;  tlir  r(ili,raili» 
Simltin^  Cn.  (sincltrr)'  at  I'lirMo,  Colo);  tin*  Itaiiaiicr  SiiH-ltiiiK  Co., 
I'ciiit.sylvaiiia  Siiu'ltin^  Co.,  aii<l  (iorinaiiia  IaiuI  Uork^.  facli  htiviiif;  a 
sMu-ltorv  at  Salt  Liki*  City;  tlio  I'tMiiisylvaiiia  i^-ad  Co.  (n-liiwry  at  Man>- 
fu'M,  nrar  I'ltt-'^itur^.  rniii.);  the  (IJoU'  SiiicltiiiK  nml  Hifimiiir  C.. 
(smeltery  aii*l  iffuu-ry  at  l>«iivrr,  Colo,);  the  hiiiietallic  Siiicltinr  ' 
(j'opjwr-matto  smeltrry  at  Ix'atlvilU'.Colo.) ;  the  Chicago  A  .\tirora  Siiu-liin^ 
antl  Hctiiiiii^  Co.  (rt'liiicrics  at  Chicago  aiitl  Aurora,  III..  aii<i  .•^iiicltcry 
at  li(>mlville,  Colo.);  aiul  a  majority  of  the  .st<Mk  of  the  CV^nMjIiiluted 
Kaiisri.'*  City  Smeltiuj;  ami  Hcrmiii^  Co.  (sriu'lti-ries  at  VA  V:ist»,  Te\.. 
Ii«'a<lville.  Colo.,  ami  .\r;:«'iitiiH',  K.iri..  ami  n-lincry  at  .Xr^eiitiue).  I*n»- 
vi.sion  wa.s  made  for  a  workiiin  <'a|)ital  of  $7..')<M).(KH)  in  crLsh  ami  $2.(MMI.(M)() 
ill  HTiirities  .artniinMl  from  some  of  the  roiiipaiiies  piirrha-M-tl.  The  ••«»m- 
p.aiiies  «'onsoli(lat«Ml  prodiired  annually  al>out  17.">,(MM)  ton.s  <»f  lea<l  and 
prartirally  controlled  the  market  for  ons  and  to  a  lar^e  extent  the  market 
for  leail.  Out.side  of  the  con.solidatiin  wvw  the  (Jujmenheim  Smeltintj 
(o.  (simlterie.s  at  I'lieMo.  Colo.,  .Monten'V  and  .■\nua.scaliente.«<,  .Mexico, 
and  refinery  at  IVrth  .VmlMty.  N.  .1.);  the  Halhach  Smelting  and  -{{efininK 
Co.  (ndiiierv  at  Newark.  \.  .).);  the  S'lhy  Smelting  and  Ii«'ad  (Vt.  (.smeltery 
and  n-tinery  at  San  Framisco,  Cal.);  the  Tu^iet  S)Und  lii'diirtion  Co. 
(smeltery  and  n>fiiiery  at  llven'tt.  \V:Lsh.);  ami  the  Taetmia  Smelting 
Co.  (simltcry  at  Tac<tma,  Wa.sh.). 

In  the  organization  of  the  .\meri<an  Smeltin;;  and  RelininK  Co.  some 
of  the  .smelters  whose  works  were  taken  over  .sold  out  for  r:i.sh  and  quit 
the  l»u.sines.s,  hut  in  general  the  h-adinj;  factors  in  the  hu.sine.ss,  incluilinn 
<«rant,  Ivldy  and  James.  Milers,  .Meyer,  Barton,  S<«well,  aiiti  «»thers  took 
payment  in  the  securities  of  the  new  com|)any  and  joined  its  lM»anl  of 
directors.  The  company  w;us  certainly  liU'rally  capitalized.  Koiinhly. 
its  plants  had  capacity  for  smeltiii);  2,.')(K),(MH)  tons  of  ore  |>er  annum 
ami  refiniiif!  2.'><).(MK)  tons  of  lead,  l»esides  some  Mister  copjuT  and  other 
iiy-pntdiicts.  Disn'KardiiiK  the  copjier  and  hy-prodiut  plants,  which 
Were  <»f  comparatively  small  im|M»rtance,  it  would  h.ave  Ihm'Ii  juissiMe 
to  duplicate  the  smelteries  for  $7.(MK).(MM)  to  $S.(KK).(MM);  and  the  rpfineries 
f<.r  $!..'»(H).(HM)  to  $1.T(M».(HM).  The  physical  v.ilue  of  the  works,  plii.s 
the  workin;:  capital  pn)vided,  w:is  alntut  half  the  capital  in  prefern'tl 
^tock.  but  there  were  further  jusset-s  in  the  l>y-pr«»duct  plants,  niitiinf; 
inten*sts,  etc.  However,  no  one  would  pn-teiid  that  tlu*s«'  would  raiM> 
the  physical  and  tan^ihle  value  to  the  equivalent  of  the  preferred  st«>ck. 
The  remainder  represented  the  f(<>iHl-will.  organization,  exjierience.  con- 
tracts, etc..  i  f  the  conip.'kiiies  enterifij;  the  const >li<l.'ition.  The  stock  t»f 
the  conqiany  w;ls  «i(Tered  to  the  suUscription  of  the  public  at  the  rate  «»f 
10  shares  «if  the  preferreil  and  He\*en  HhareH  of  the  common  for  $UMM). 
The  suKseriptions  f|uickly  eommande<l  a  premitim. 
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The  advantages  of  the  new  company  were  the  control  of  the  ore  market 
and  ability  to  insure  the  most  economical  distribution  of  the  ore;  the 
elimination  of  certain  uneconomical  and  unnecessary  plants  and  the 
concentration  of  operations  at  the  best  places;  the  ability  to  secure  suitable 
adjustment  of  transportation  questions;  the  free  exchange  of  technical 
and  administrative  experience.  It  is  doubtful  if  the  claim  of  great  economy 
in  administrative  and  general  expense,  which  was  made  for  all  of  the 
consolidations  of  the  time,  was  ever  realized  in  this  case,  or  any  other. 
However,  the  advantages  mentioned  above  were  real  ones,  and  together 
with  others  which  subsequently  devel()i)ed  contributed  largely  to  the 
remarkable  success  of  this  combination. 

The  American  Smelting  and  Refining  Co.  immediately  began  to  exert 
a  powerful  influence  in  the  market  for  lead,  although  it  by  no  means 
had  control  thereof.  It  was  formed  at  the  beginning  of  a  period  of 
great  industrial  activit}',  when  the  stocks  of  lead  were  practically  exhausted 
and  the  price  was  steadily  rising.  The  shortage  of  the  supply  would 
have  undoubtedly  carried  the  price  to  the  importation  figure  had  it  not 
been  for  the  manipulations  of  the  American  Smelting  and  Refining  Co., 
which  held  the  market  steady  and  prevented  importations  that  might 
have  overstocked  the  market  and  led  to  bad  effects  subsequently.  In 
1900  the  market  was  fairly  steady,  but  not  quite  so  strong  as  in  the  pre- 
vious year.  In  the  fiscal  year  ending  April  30,  1900,  the  American 
Smelting  and  Refining  Co.  realized  a  profit  of  $3,524,961.  This  was  not 
very  satisfactory  and  the  failure  of  the  company  to  stay  the  decline  in 
the  price  of  lead  in  1900  showed  that  its  position  in  the  industry  was 
far  from  being  so  strong  as  it  was  hoped.  The  independence  of  the  power- 
ful Guggenheim  interest  was  a  menace.  In  the  latter  part  of  1900  over- 
tures w^ere  resumed  to  bring  the  Guggenheims  into  the  consolidation,  and 
were  brought  to  a  successful  issue  early  in  1901.  The  capital  stock  of 
the  American  Smelting  and  Refining  Co.  was  increased  to  $100,000,000, 
and  $45,200,000,  half  in  common  and  half  in  preferred  shares  (worth 
about  $36,000,000  at  the  quotations  of  January,  1901)  were  given  to 
the  Guggenheims  in  payment  for  their  smelteries  at  Monterey  and  Aguas- 
calientes,  Mexico,  the  smeltery  at  Pueblo,  Colo.,  a  smeltery  in  Chile, 
the  refinery  at  Perth  Amboy,  together  with  the  working  capital  and 
cash  assets  of  the  firm  and  $6,066,667  in  cash  additional.  There  was 
severe  criticism  with  respect  to  the  high  price  paid  to  the  Guggenheims, 
who  were  considered  to  be  capturing  the  American  Smelting  and  Refin- 
ing Co.,  although  nominally  they  were  being  absorbed.  Several  of  the 
brothers  entered  the  directorate  of  the  company,  wherein  they  soon 
became  paramount.  Ever  since  then  the  American  Smelting  and  Refin- 
ing Co.  and  "the  Guggenheims"  have  been  commercially  regarded  as 
practically  synonymous  terms. 
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The  ( iuL't;»'iiiifims  wcic  i  (im|i;ir;itiv«>ly  ncwooiiHr>  iiihi  lln-  mimt- 
U'jul  .snu'ltiii^  Idisitu'ss.  It  i.s  wurtli  \vliiU>  t<»  n-hito  brirlly  lu»\\  tlwy 
UH'ainc  intrn'stod  in  it.  In  the  t-arly  ei^litit'H,  Meyer  (iugKC'ihcini,  a 
\iu'c  inamifacturrr  of  IMiiladrlphia,  at  the  iastijiation  of  a  fellow  I'hila- 
ilelpliian,  (irahani  l>y  naiiie,  ai'(|iiinMl  a  lialf-iiit<-rf.Ht  in  the  A.  \.  and 
Minnie  mine  at  I^eadville.  The  venture  prove<l  highly  profitable.  \U't\- 
jainin  (lufyjenheim.  a  .son  of  .Meyer.  \v:i.s  .scut  oiit  to  the  mine  i\s  a<f<»unt- 
ant,  an<l  he  attjuirin);  more  or  le.s,s  information  concerninj;  the  .smelting 
busine.s.s  imhired  hi.s  father  and  brothers  to  ro  into  it  hir^ely  Ixrau.se  of 
the  unfavoral>le  terni.s  the  smelters  were  making  on  the  .\.  \.  and  .Minnie 
on*,  which  w:is  <»f  /.inky  and  n(»t  hi^hly  de.sirable  <hara<t<'r.  They  built 
the  I'hiladelphia  works,  a  lar^e  plant  at  I'lieblo.  Colo.,  in  ISS9.  At  first 
this  venture  was  decitledly  unsuccessfiil.  but  gradually  cominp  to  the 
appreciatittn  of  the  ne<'e.s.«<ity  for  .securing  the  Ix-st  |x».s.sible  technical 
atlvice.  ami  acting  ujxui  that  principle,  tofiether  with  their  own  sharp 
ronuuercial  acunien.  they  converted  into  a  success  what  promised  to  lie 
a  faihire.  Thus  having  accjuired  an  insight  into  the  smcltin^j  bu.xine.ss, 
they  early  appreciated  the  preat  |x>.ssibilities  of  smelting  in  .Mexico  when 
the  lead-l>earinp  ores  of  that  country  were  practically  exclu<led  from 
the  I'nited  States  by  the  tariff  of  IS'.M),  and  erected  w«»rks  at  .Monten'y 
and  Apujiscalientcs.  In  connection  with  the  latter  they  first  U'canie 
interested  in  cop|»er  mines  and  co|)per  smcltinp.  Their  product  of  metals 
soon  U'cauje  .so  lar^e  that  they  established  a  preat  refinery  at  Perth 
Amlioy,  \.  J.  I^jiter  they  l)eeame  interested  in  smelting  in  Chile.  I'nlike 
some  of  the  ohler  factors  in  the  silver-lead  smelting  business,  such  jls 
Anton  Milers.  .Aujjust  R.  .Meyer,  and  others,  the  (lU^^enheims  were  not 
trained  metallurgists  and  never  learned  to  l)e,  but  that  kind  of  assistance 
they  knew  h<»w  to  employ  and  themselves  |x)s.s<'.s.«;<mI  the  remarkable  busi- 
ness talent  that  characterizes  the  most  acute  n'preseiit:itiv«'s  nf  tlu'ir 
race. 

.Mthou^h  at  the  time  of  their  consolidation  with  the  .Ameruan  Smelt- 
ing and  Kifining  Co.  the  (iuggenheims  wen»  tlumght  to  1h«  HM-eiving  an 
exorbitant  price,  it  s<H)n  ean«e  to  l»e  recognizetl  that  they  wen»  nuiking 
the  success  of  the  eidarge<l  comp.any.  Their  fitrmer  interests  in  Mexict> 
were  the  most  profitable  part  of  the  whole  bu>ine.s-s,  und  they  |>ersonally 
were  highly  valuable  as.s<>ts.  With  their  advent,  early  in  P.H)I,  the  Amer- 
ican Smelting  and  Refining  Co..  sin<e  refern"<l  to  commonly  as  the  " Smelter 
Trust,"  ac«juire<|  control  of  practically  the  entin'  output  of  tlomestic 
desilverize*!  lead.  The  only  inde|)en<lent  refiner  on  the  Atlantir  C*Misl 
was  the  Halbach  company,  which  handled  chiefly  Mexican  lea»l  in  ImuuI. 
while  on  the  Pacific  Coast  the  two  intle|M>ndent  refiners  were  nalundly 
limited  to  that  comparatively  small  market.  The  Tnist  at  <»nre  lieelareii 
its  domination.      It  fixe<I  a  price  which  was  reganleil  as  fair  to  \nt\U  con- 
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sumer  and  producer  and  aimed  to  maintain  it  indejiendent  of  foreign 
markets.  It  is  to  be  remarked  that  at  tiiis  time  the  Trust  was  not  itself 
really  a  producer  of  lead;  it  owned  a  few  lead  mines,  but  they  were  of  no 
great  consequence.  Its  position  was  that  of  middleman  who  bought 
from  the  producers  —  the  miners  —  smelted  and  refined  the  product 
and  sold  it  to  the  consumers.  However,  its  declared  policy  of  fixing  a 
price  which  should  be  fair  to  both  producer  and  consumer  was  not  entirely 
altruistic.  The  Trust  although  not  directly  a  producer  was  always  the 
possessor  of  a  large  quantity  of  lead  which  it  acquired  at  much  below 
the  market  price  or  at  no  price  at  all.  It  refined  a  large  amount  of  foreign 
base  bullion  in  bond  under  regulations  which  required  it  to  account  for 
only  90<^/ei  of  the  weight  of  the  bullion,  the  remainder  being  assumed  to 
be  metallurgical  loss,  but  as  a  matter  of  fact  the  yield  of  refined  lead 
was  upward  of  9G%  of  the  bullion,  and  there  was  therefore  6%  of  the 
imports,  purchased  on  the  basis  of  the  London  market  less  smelting 
deductions,  etc.,  which  could  be  marketed  in  the  United  States  free  of 
duty.  Moreover,  in  many  cases  the  Trust  having  fixed  one  price  for  the 
sale  of  refined  lead  to  the  consumer  fixed  another  price  for  the  purchase 
of  lead  in  ore  from  the  miner,  and  the  latter  price  was  more  below  the 
former  than  the  freight  and  refining  costs  amounted  to,  wherefore  the 
greater  the  differential  the  more  advantage  to  the  smelter.  However, 
in  many  cases  the  Trust  did  indeed  pay  for  lead  in  ore  on  a  sliding  scale 
based  on  the  New  York  price  with  a  constant  differential  to  cover  freight, 
refining,  etc.,  but  in  these  cases,  as  in  the  others,  the  payment  was  com- 
monly for  only  90%  of  the  lead  by  fire  assay  (which  is  notoriously  short) 
and  in  ores  of  very  low  assay  (less  than  5%)  did  not  pay  for  the  lead  at  all, 
while  the  actual  extraction  of  all  lead  acquired  was  upward  of  92%  on 
wet  assays  (the  actual  results).  These  things  do  not  imply  that  the 
Trust  was  necessarily  unfair  to  the  miner,  because  these  unpaid  items 
appear  in  the  smelter's  calculation  of  margin,  and  it  is  that  on  which 
he  bases  the  net  price  to  be  paid  for  ore;  but  they  show  the  smelter's 
interest  in  at  least  keeping  the  market  price  of  lead  at  a  figure  correspond- 
ing with  what  he  paid  for  it  and  in  maintaining  it  as  high  as  possible. 
Correctly  stated,  therefore,  the  position  taken  by  the  Smelter  Trust  in 
1901  was  this:  The  miner  and  the  smelter  would  both  benefit  by  a  steady 
price  for  lead  at  as  high  a  figure  as  could  be  maintained,  the  benefit  to 
the  miner  being  the  more  in  the  aggregate.  The  manufacturer,  i.e.,  the 
maker  of  white  lead  and  the  oxides,  the  roller  of  sheet  lead,  the  maker 
of  shot,  etc.,  would  welcome  a  steady  market,  which  would  enable  him  to 
gauge  his  profit  without  concern  as  to  fluctuations  in  price,  so  long  as  the 
price  for  his  products  would  not  check  consumption  —  a  result  equally 
objectionable  to  the  smelter  and  miner.  Finally,  the  ultimate  con- 
sumer, i.e.,  the  citizen  who  paints  his  house,  the  sportsman  who  uses  the 
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.s|i<»t,antl  t  lu' <'lirinist  who  niiploys  !>\hh'\  \vin\  in  iii;i(i\  \\;iv>.  uuiiM  Ii;iv« 
to  pay  all  ho  rouUi  stand. 

If  thr  SiiifhtT  Trust  (lul  not  cHlcuhitf  in  jtrniMly  tlu'  above*  way, 
it  is  at  all  rvcnts  what  its  plans  arnountrd  to.  In  carrying  out  its  |>olicy, 
it  wius  rtH-ogniz(Hl  that  the  doniestir  supply  l)cinf(  soii)C'tini(>s  in  cxc'cmh 
of  tlu'  riinsuniption  it  would  U'  nrcrssary  to  cxiMirt  surplus  lra<l  or  limit 
the  tuitput.  The  latter  could  Ih'  done  in  two  ways,  viz.,  (I)  l»y  aKri***- 
inent  with  the  niinerH;  (2)  by  such  incn>asc  in  smelting  eharf^es  as  wduld 
make  tertain  ores  ln'c«)me  unprofitaMe  and  thereby  cheek  their  prcKJuc- 
tion. 

In  this  connection  it  is  important  to  note  another  change  fntm 
previou.sly  exist ing  con»lilions  that  was  ('(Tected.  The  largest  single  con- 
sumption «»f  pig  lead  is  f(»r  the  manufacture  of  white  lead.  .\Im»uI  JS'.IJ 
the  princi|)al  cornnlers  had  l)een  ct>n.s«>lidated  in  the  National  Ix*ad  Co.. 
whi«h  also  had  other  lead  manufacturing  interests.  su<'li  as  the  ntlling 
of  sheet  leail,  and  U'came  by  far  the  largest  single  consumer.  The  shot 
towers  of  the  country  ha<l  lieen  largely  consolidate<I  by  tlie  American 
Slu»t  t'«».  The.*^  important  con>umers  had  a  powerful  elTe<t  u|Min  the 
market  f»»r  pig  lead.  They  had  tlu*  greatest  po.ssible  interest  in  k«'<'ping 
down  the  price  of  pig  Iea<I  and  keeping  up  the  |>rices  of  their  pnnlucts 
from  it.  Having  concentrated  the  buying  of  pig  lead,  and  U-ing  able 
to  e<|Ualize  the  stocks  at  the  various  factories,  they  wen*  able  to  Imy  at 
such  times  as  l)est  suitetl  them  and  to  force  the  rehners  t«»  come  to  them, 
whereas  previously  the  manufacturers  had  U'en  obligni  to  go  to  the 
reliners.  The  entry  of  the  Smelter  Trust  into  the  market  di\«I(i|H'«l  the 
situation  of  a  big  refiner  and  two  big  numufacturers. 

However,  in  the  very  first  year  of  its  dominion  the  Smelter  Trust 
fell  ujKin  evil  times.  Consumption  did  not  increase,  but  supplies  tiid. 
In  the  early  part  of  the  year,  when  (piotations  in  Kunipe  were  nearly 
on  a  parity  with  New  York,  the  Trust  exporttnl  le.ad.  The  foreign  de- 
mand .s<M)n  fell  off  and  prices  in  I]uroj)e  declineil  to  a  j>oint  much  Ik'U)w 
the  Tru.st's  .sche<lule.  Arrangements  were  then  nuule  with  the  principal 
ppMlucers  to  n'<luce  their  output,  a  certain  indemnity  InMiig  pai<l  them 
on  this  account,  but  notwithstanding  this  ex|H'<lient  the  stocks  in  the 
hamls  of  the  Trust  c<intinue<|  to  grow,  anti  when  ne.ar  the  end  of  I1M)I 
the  I!uro|x»jm  price  fell  to  a  |M)int  wliere  im|Mirtat ions  into  the  I'nitMl 
Statc»s  .se<Mne«I  likely,  the  Trust  which  had  maiiUaine<l  tlie  price  at  4..'l.'>  c 
for  11  months  abandone«I  its  |M»licy  of  one  price  and  made  a  niluction. 
At  the  end  of  \\M\l  it  w:is  hhu\  n'liably  that  the  Trust  had  St>.(HH)  tons 
of  lead   in  stock   in  ore,  l»ase  bullion,  and   n*lin«*«l   metal.'     Of  coupm",  a 

Ni'itluT  the  fltatiMiral  rrpnrtu  of  Tim  Mincml  Iivluwtry  nor  ihr  Mirvml  Rc«>urrr« 
of  tlii>  rnit<<d  StAlf*^  for  tliiM  yi*nr  Apiionr  to  n<ll<T(  Ihr  nrtiial  rtiitdilinna  aa  oiilliiM<il 
uUivr.  allhoiiKh  thi»  r« minMTn.il  n'^ort  of  the  forin«T  <l<>«-^  «» 
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part  of  this  great  stock  was  represented  by  the  raw  material  which  the 
smelter  is  bound  to  have  on  hand  at  all  times. 

The  surplus  stock  of  refined  lead  was  worked  off  by  the  Trust  with 
great  skill  in  the  following  year.  Production  was  limited  by  agreement 
with  the  principal  miners,  as  stated  above,  and  by  refusal  to  buy  from 
some  of  the  less  important;  in  the  line  of  the  latter  policy  the  Trust  with- 
drew from  the  ore  market  of  British  Columbia.  Consumption  was  stimu- 
lated by  a  reduction  of  the  price  to  4.07 ^  c,  New  York.  And  movement 
of  metal  was  helped  by  a  new  rule  to  the  effect  that  orders  for  prompt 
shipment  would  be  executed  only  at  2.5  c.  extra  per  100  lb.  This  was 
intended  to  induce  consumers  and  dealers  to  cover  their  requirements 
ahead,  and  to  carry  part  of  the  supplies  which  had  accumulated  at  the 
refineries.  Having  safely  passed  through  the  crisis  of  1901-1902  there 
was  no  further  cjuestion  as  to  the  control  of  the  price  of  lead  by  the  Smelter 
Trust  vmtil  the  autumn  of  1007.  It  established  a  schedule  covering  the 
delivery  of  lead  at  all  the  principal  cities  of  the  United  States,  and  moved 
these  rates  up  or  down  according  to  its  judgment  of  commercial  condi- 
tions. A  regular  differential  of  10  c.  per  100  lb.  above  the  price  for  desil- 
verized lead  was  made  for  corroding  lead.  The  prices  were  for  50-ton 
lots,  or  larger.  Orders  were  taken  subject  to  the  ruling  price  at  date 
of  shipment  from  the  works.  To  a  large  extent  the  lousiness  was  put  on 
a  contract  basis,  the  important  consumers  entering  into  agreements  for 
the  delivery  of  the  required  quantity  of  metal  for  a  period  ahead,  settle- 
ments being  made  on  the  monthly  shipments  at  the  average  of  the  quo- 
tations for  the  respective  months.  The  large  independent  producers 
adopted  both  the  policy  and  the  prices  of  the  Trust.  Outside  quotations, 
which  at  times  were  higher  or  lower  than  those  of  the  Trust,  represented 
transactions  in  only  an  insignificant  part  of  the  business  and  of  more 
or  less  retail  character. 

The  above  was  the  situation  which  existed  from  the  end  of  1901  to 
the  end  of  1906.  During  that  period  the  industries  of  the  United  States 
were  generally  in  a  remarkably  prosperous  condition,  and  it  was  possible 
to  market  an  increasing  supply  of  lead  at  an  increasing  price,  the  annual 
averages  for  these  years  having  been  as  follows: 

1902—4.069  c,  New  York 
1903—4.237  c.  New  York 
1904—4.309  c,  New  York 
1905—4.707  c,  New  York 
1906—5.347  c,  New  York 

History  is  made  even  while  it  is  being  written.  When  the  present 
chapter  was  penned,  early  in  1907,  it  was  said,  "The  Trust  has  not  yet 
acquired  control  of  the  entire  lead  supply  of  the  United  States,  probably 
cannot  do  so,  and  has  not  yet  been  put  to  the  test  of  a  great  industrial 
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srlhark."  Thrtv  wnn  a  cii>i-  <>i  nci -jpti-mi-  i  i-tu  m  I'.mjI,  aiiuniji.niN  ini; 
a  Miiall  n>('os.si«>i)  in  l»u.sitM\'v'<,  wliirli  wnn  skilfully  met  im  Utis  Ufii  iJcMTilM-d, 
l»iit  altlioiiKli  <lcri(li><lly  cMiiUarnuvsiiiK  1\uh  wiv*  iKilliiii^  like  the  rmiditiiui 
arising  in  a  nn-at  tiiiaiu'lal  ii|is«'t.  hxwU  jus  <»<'<Mirrf«l  in  the  auttiiiui  of  I{H)7. 
A  falliii^-<ifr  ill  the  ileiiiaii<l  fnr  the  metals  wiis  iioti<'eal>lc  in  March.  Hy 
July  it  wa.s  stnui^Iy  iiiarke<l.  The  Ameriran  Smelting  and  Heriiiiiij; 
Co.  at  first  iHiweil  to  the  a<lverse  <'ou(litioii.s  l)y  reilucing  its  |»rire.  Init 
at  every  move  it  wa.s  undersold  hy  tin*  outside  pniducers,  who  previously 
had  \HH'n  willing  to  accept  the  price  fixe<l  hy  the  Trust.  After  a  while 
the  Trust  cea.s««d  to  make  cuts  and  an  awkwani  situation  fin.'illy  an»se 
which  Was  explained  in  an  editorial  in  the  Enijitmrimj  anil  Miuiiuj  Jnnrtuil 
of  Nov.   l(i,  15K)7.  :us  follows: 

"The  situation  in  the  lead  market,  which  for  many  months  li;i>  ikih 
unsatisfactory,  has  failed  so  far  to  show  any  eviden«'e  of  improvement, 
in  spite  of  strenuous  efforts  to  enforce  a  curtailment  of  production.  The 
largest  indefjendent  producers  in  Idaho  and  .Missouri  have  refu.sed  to 
make  any  restriction;  the  American  ."^meltinj:  and  RetiniiiK  Co.  and  the 
L*nite<l  States  Smelting,  Uelininp  and  .Mining  Co.  have  suceee<led  in  effect- 
ing  .some  redm-tion  in  output  hy  discouraKiiiK  the  delivery  of  lead  ore; 
the  Federal  Ix'ail  Co.,  of  .Missouri,  Ikls  reduced  its  produ<'ti<»n.  Hut  in 
spite  of  tlie.se  me:isim's  the  stocks  of  refined  metal,  alM»ut  4(M)0  toas  at 
the  l>eKi"'>i»K  <»f  11H)7,  ha\e  incre:i.sed.  esixnially  since  the  mid-year, 
until  to-day  they  auH.unt  to  2.').(K)()  to  .iO.CMHJ  totts. 

"The  slackening  in  the  demand  f<»r  lead  has  created  new  conditions 
in  the  market.  For  .several  years  upward  of  •.•O'Jj,  of  the  lead  pniduceil 
fn>m  ilomesti<*  ores  has  U^'n  n-fined  and  sold  by  three  interest.s.  chief 
amonf;  which  is  the  .American  Smelting  and  Kcfininf;  Vo.  The  market 
price  h:us  |)een  practically  controlled  l»y  the  latter,  iiwismuch  ;ts  the  price 
fixed  l)v  it  wius  adopted  hy  the  other  large  pnnlin'ers.  \  comparatively 
small  amount  of  lead  w:is  .sold  during;  I'.KH)  hy  inde|iendent  dealers  at 
prices  hinher  than  those  of  the  Trust,  hut  the  total  volume  of  this  husi- 
ne.ss  w.-us  iiLsiKiiificant  in  comp.-irison  with  the  fiwiit  |ir«>*|iiction  marketed 
on  the  estahlishetl  terms.  The  Trust  showe<l  great  mo<leration  at  that 
time  in  n<»t  marking  up  prices  when  it  might  easily  have  tlone  so. 

"  It  h:i«  IxHMi  fully  HMitgniwd,  however,  from  the  U^ginning  that  the 
apparently  successful  regulation  of  the  price  of  leacl  hy  the  Ameriran 
Smelting  an<I  Kefining  Co.  w.'ts  based  on  a  generally  rising  market;  and 
that  the  test  of  it.s  contn>l  would  develop  on  a  falling  market.  This 
has  l>een  proved  hy  the  ex|ierience  of  recent  months.  Wlien  the  demand 
Ijecame  slack,  indejiendent  producers,  who  previously  had  lieen  selling 
at  the  Trust  pri«'e.  tiegan  to  undersell,  and  manuf.uctiinTs  whose  contract.s 
expire«l  decide<l  to  take  their  chances  in  the  ojien  market,  w»  that  the 
latter  ac<|uired  a  m.'ignitu<le  gn'ater  than  U»r  years  p.-ist.      .\t  the  present 


24S  LEAD   AND   ZIXC   IN   THE   UNITED   STATES 

time  it  is  the  market  in  which  competition  is  active  and  wherein  is  trans- 
acted the  bulk  of  the  business  not  previously  arranged  by  contract. 

"Consequently  there  are  now  two  markets  for  lead,  viz.,  the  Trust 
market,  in  which  deliveries  are  made  under  contract  at  the  selling  price 
fixed  by  the  Trust;  and  the  open  market  in  which  wholesale  trading  is 
done  in  the  ordinar\-  way.  The  difference  in  prices  between  the  two 
markets  has  steadily  been  increasing  under  the  pressure  of  the  independ- 
ents to  sell  their  product  until  now  the  open  market  stands  about  \  c. 
per  lb.  below  the  Trust  price.  We  have  been  quoting  the  two  markets 
in  our  weekly  report,  but  heretofore  have  been  giving  only  the  weekly 
range  of  the  open  market.  In  view  of  its  present  importance  we  shall 
hereafter  give  the  daily  quotations  of  the  open  market  as  representative 
of  the  situation  in  lead,  reporting  also  the  quotations  of  the  American 
Smelting  and  Refining  Co.  As  explained  above,  the  production  of  lead 
is  going  into  consumption  on  both  terms,  but  it  is  to  be  remarked  that  a 
large  part  of  the  lead  of  the  Trust  is  contracted  with  its  own  manufactur- 
ing subsidiaries." 

In  the  week  following  the  appearance  of  this  editorial,  the  American 
Smelting  and  Refining  Co.  announced  that  it  would  cease  to  fix  a  price 
and  would  sell  its  lead  under  the  conditions  of  the  open  market,  which 
declined  further  upon  that  announcement. 

To  what  extent  the  Trust,  during  its  dominion,  arbitrarily  elevated 
the  price  of  lead,  i.e.,  at  what  level  it  maintained  it  above  that  which  it 
would  naturally  have  found,  it  is  impossible  to  say.  That  it  achieved 
such  a  result  is  unquestionable  after  the  experience  of  1901  and  1902, 
but  to  what  point  the  price  might  have  fallen  in  those  years  if  production 
and  competition  had  been  unrestrained,  who  can  say?  Certainly  it  was 
held  far  above  the  low  levels  of  1871-1880  and  1891-1900,  which  were 
reached  under  somewhat  similar  conditions.  In  1906  the  average  was 
higher  than  for  any  year  since  1876,  when  the  silver-lead  industry  of  the 
I'nited  States  was  still  in  its  infancy,  but  can  any  one  say  positively 
that  it  might  not  naturally  have  attained  the  high  figures  ruling?  Cer- 
tainly the  market  was  almost  a  runaway  one  during  a  long  period  of  the 
year,  when  some  belated  consumers  were  glad  to  cover  their  requirements 
by  purchases  of  imported  lead  at  a  premium,  and  the  Trust  refrained  from 
advancing  its  price  further  when  it  appeared  reasonable  for  it  to  do  so. 
However,  it  appears  from  recent  experience  in  all  of  the  metal  markets 
that  high  prices  do  not  check  consumption,  when  there  are  no  available 
substitutes,  in  a  period  of  extraordinary  industrial  activitv,  because  the 
effect  is  spread  so  wideh^  among  the  ultimate  consumers  that  they  do 
not  feel  it  until  after  a  long  time  and  then  only  as  the  cumulative  result 
of  the  rises  in  many  commodities.  It  is  possible,  therefore,  that  a  sudden 
demand  for  lead  may  have  carried  the  price  to  a  height  that  would  not 
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otlirrwix*  luiNc  iHTtj  n'arluMl  if  the  Tnist  hail  imt  alri;nly  Im.osUiI  ii  u» 
n  lii>;h  \v\v\  tn  start  fn»m.  It  is  worth  while  to  roinpnrL'  iho  avi'nm«*M 
of  11K)2  P.MMj  with  the  clcrciuiial  averages  for  a.  HcricM  of  ycare  prcvioiw 
to  llKKl.     Thi"  (Ircctinial  a\'  ivcn  in  the  following  tabic: 
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Tho  al»nvt'  table  of  decennial  av<'rajies  jiwx's  the  ant  hint  lual  mean 
of  the  yearly  averajje.s  for  the  10  years  ending  as  statinl.  The  c<»ni|mri.soii 
of  the  uvcni^c  of  any  year  with  the  average  of  10  years  previous  can  Ik; 
n-adily  made  with  the  help  of  this  table.  The  pri<'es  are  for  pig  lead  at 
New  York  as  given  by  The  .Mineral  Industry.  It  will  l>e  <jui<-kly  obs<'rve«I 
that  the  avenige  priee  for  I'.HVJ  (viz..  1.00'.))  was  considerably  higher  than 
the  average  for  tin'  10  years  ending  with  11H)1.  and  since  then  the  annual 
average  has  ri.MMi  steadily. 

However,  the  Smelter  Trust  diil  a  great  deal  more  than  regulate 
the  pri<-e  of  lead.  Imme<liately  u|)on  its  org.mization  it  enlenMi  u|>«>n  a 
I>olicy  of  centralization,  the  idea  U'ing  to  have  oidy  one  plant  of  the 
nMjui.site  capacity  at  each  Hnielting  center  and  to  have  that  one  <»f  the 
mo.xt  ellicient  character.  At  present  Pueblo.  Colo.,  is  the  only  place 
where  there  are  two  |>lantM  in  o|)enition;  they  hap|H'neil  Uiih  to  Ik?  gmxl 
ones  and  Pueblo  is  a  grand  smelting  center.  The  |H)licy  of  centralization 
was  iK'gim  by  dismantling  two  of  the  works  at  Salt  L:ike  City  and  con- 
centniting  the  business  at  the  (lernuinia,  the  Im'sI  of  tlmn'  |)n'viously 
com{>eting  plant."*.  A  largo  new  works,  the  Murray  pl.-mt ,  wa.s  liogtin, 
and  when  it  was  completetl  the  (lennania  w.hs  aband«»n(^l.  Similarly 
the  Philadelphia  plant  at  Pueblo,  Colo.,  was  closetl  l)ecau.H:«  it  was  the 
least  economical  of  the  three  at  that  place,  and  later,  of  the  two  at  Denver 
the  (Jmnt  pl:int  was  put  out  <)f  cfimmi.ssion.  The  refining  (»f  the  base 
bullion  was  concentrate<l  in  four  plants,  viz..  at  iH'uver,  Omaha.  Chicago, 
and  Perth  Amiioy.  S>me  of  the  other  n'fmeries  were  abandone<l  l)ecaus«' 
they  were  anti«piate«|  and  »mecoinuni<al.  The  gn-.-it  n^ftnery  at  Kansiis 
City,  which  ha<l  «inly  a  year  or  .so  |)revi«»u.H|y  lieen  nuMlomiMti  at  gn^at 
expense,  was  razed  to  the  ground  liecausc  it  8Upplie<l  practically  the 
same  market  as  the  Omaha  refinery  did.     The  smeltcrica  at    I>oadville, 
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Colo.,  ami  1]1  Paso,  Tex.,  were  practically  rebuilt.  In  Ijrief,  the  entire 
list  of  works  of  the  company  was  put  in  a  high  degree  of  efiiciency.  This 
was  done  out  of  the  earnings. 

According  to  the  report  of  the  company  for  the  year  ending  April 
30,  1903,  it  bought  ore  containing  1,025,132  oz.  gold,  63,389,483  oz. 
silver,  240.480  tons  of  lead  and  23,959  tons  of  copper.  From  the  sale 
of  metals  it  realized  S82,985,442,  out  of  which  there  was  a  profit  of  $9,403- 
711.  After  deducting  general  expenses,  repairs,  betterments,  and  new 
construction  there  remained  a  net  balance  of  S5,42 1,103.  At  the  end 
of  the  year  there  were  smelteries  in  operation  with  a  capacity  of  3,720,000 
tons  of  ore  per  annum,  and  refineries  with  a  capacity  of  340,000  tons 
of  lead  bullion  and  36,000  tons  of  copper  bullion  per  annum.  There 
were  held  in  reserve,  fully  equipped  and  in  good  repair,  smelteries  of  a 
capacity  for  650,000  tons  of  ore  per  annum  and  refineries  of  a  capacity 
for  125,000  tons  of  lead  bullion. 

While  the  Smelter  Trust  was  pursuing  this  policy  of  centralization 
and  modernization,  it  was  also  extensively  broadening  its  scope,  always 
in  directions  toward  increasing  its  dominion  over  the  smelting  of  gold 
and  silver  bearing  ores,  and  the  market  for  pig  lead.  Incidentally,  it 
had  some  ideas  as  to  controlling  the  world's  market  for  silver,  or  at  least 
influencing  it  strongly,  being  itself  the  largest  seller,  but  this  plan  was 
too  big  even  for  its  mighty  strength.  The  large  and  increasing  produc- 
tion of  independent  lead  in  southeastern  Missouri  was  always  a  thorn 
in  the  flesh  of  the  Trust  and  attempts  were  made  to  control  it  by  buying 
out  its  producers.  However,  they  asked  prices  for  their  properties  that 
were  considered  too  high,  and  the  St.  Joseph  Lead  Co.  and  affiliated  inter- 
ests, proud  of  its  history  and  conscious  of  its  impregnable  position,  would 
not  listen  to  any  overtures.  Abandoning  these  projects,  the  Guggenheims 
acquired  undeveloped  property  in  the  district  and  in  a  few  years  became 
one  of  the  largest  producers. 

In  1903  the  smeltery  and  refinery  at  Everett,  Wash.,  was  acquired; 
next  the  smeltery  at  Tacoma,  Wash.,  together  with  its  copper  refinery. 
In  1905  the  famous  old  Selby  Smelting  and  Lead  Co.  of  San  Francisco 
was  bought  up.  In  the  meanwhile  the  company  had  built  a  large  zinc 
smeltery  at  Pueblo,  Colo.,  a  large  lead  smeltery  at  Alton,  111.,  and  had 
increased  the  size  of  its  copper  refinery  at  Perth  Amboy  to  such  an  extent 
as  to  make  the  company  rank  among  the  large  producers  of  refined  cop- 
per. In  1907  a  large  copper  smeltery  was  erected  at  Garfield,  Utah, 
and  the  Baltimore  Copper  Smelting  and  Rolling  Co.,  of  Baltimore,  Md. 
—  a  large  copper-refining  interest  —  was  acquired. 

Of  far-reaching  importance  was  the  extension  of  the  mining  interests 
of  the  company.  Originally  these  were  small,  being  inherited  from  some 
of  the  constituent  companies,  but  from  time  to  time  new  properties  were 
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a(«|uin'«l  on  im  drfinitc  plan.  Thou  the  (lUi^ctihciin.s  us  a  (irivatc  von- 
tiin>  orKaiiiztHi  ilir  (iujiKriiliriiM  lixplorat  ion  Co.  to  a('<|wire  aii<l  develop 
mines.  It  is  unnere.s.sary  for  the  pur|M».s«'.s  of  the  j»rp»*<?nl  hi«tory  to  truce 
the  growth  of  that  renuirkal>ly  .surres.Nful  enterprise  It  in  Muflifient 
to  sMiy  that  in  the  iMiurse  <»f  a  few  years  it  U'rame  (jo.'^ely  jdentiiii**!  with 
the  Smelter  Trust  and  included  among  its  holdings  imjNirtant  lead  niinct) 
in  southeastern  .Missouri,  at  I><'adville,  ('<ilo.,  and  elsewhere.  The  lea«I- 
miriing  interests  of  the  Trust  were  further  increasi'd  |>y  the  purchase 
of  u  contn)lling  interest  in  the  Federal  Mining  and  Smelting  Co.,  which 
was  a  consolidation  of  many  «)f  the  important  mining  companies  of  the 
C(rur  il'.MeiH'. 

The  Smelter  Trust  was  equally  active  in  consolidating  the  Ica<I  manu- 
facturing business.  The  largest  consumption  of  pi-^  lead  is  for  the  manu- 
facture of  while  lea<l  an<l  the  various  oxides.  This  business  was  the 
field  of  one  of  the  earlier  combinations,  viz.,  the  Nati(»nal  \a'u(\  C<».,  organ- 
i/e<l  in  IS'.VJ,  contem|K)raneously  with  others,  like  the  Sugar  Trust,  amotig 
the  group  that  were  trusts  in  fact  as  well  as  in  name.  Indeed,  the  National 
I^ad  Trust,  originally  formed,  was  di.ssolvcd  by  order  of  the  courts  and 
had  to  Ih'  reorgani7.e<l  as  the  Nati<»nal  I^ead  Co.  .\s  a  combination  it 
was  more  or  less  of  a  failure,  i.e.,  it  failed  to  consolidate  a  sufficient  pr«>- 
f>ortion  of  the  corro<Iers  to  give  it  control  of  the  business,  and  it  settled 
down  simply  as  the  largest  concern  in  the  business.  As  such  it  pursue<I 
a  successful  and  resj)ectal)le  career,  never  failing  to  pay  a  ilividend  on 
its  preferred  stock,  sometimes  paying  a  little  on  its  common  stock,  and 
never  l)ecoming  the  subject  of  any  disgraceful  si>ecuIation.  It  wiis  a 
safe  and  conservative,  not  very  enterprising,  industrial  company.  One 
of  its  constituents,  viz.,  the  St.  I^ouis  Smelting  and  Ketining  Co.,  owne<i 
the  old  smeltery  and  refinery  at  Cheltenham.  St.  Louis,  which  was  oper- 
atetl  now  and  then  for  the  smelting  of  purchased  ore.  In  ISW  this  com- 
pany acquire*!  mining  proj>erty  at  Flat  River,  Mo.,  and  developetl  it 
on  a  large  scale,  smelting  the  product  at  first  at  Cheltenham:  and  later 
at  a  new  works  which  it   built  at  Collinsville,  111. 

The  (lUggenheims  early  ca«t  eyes  toward  the  lead  manufacturing 
busitjess.  and  (»rganize<I  the  l*nite<l  Ix^id  Co..  which  t<M)k  over  the  prin- 
cipal shot  towers  of  the  country,  which  had  |ireviously  Ihmmi  c«»nsolidate«l 
under  the  name  of  the  American  Shot  Co.;  the  principal  lea<I-alIoy  fac- 
tories; and  s«ime  of  the  white  lead  works  cuitside  <»f  the  National  I/Oad 
Co.  There  was  talk  «»f  comjxMition  with  the  latter  in  the  white  lead 
biLsiness.  but  that  is  a  very  conservative  business  and  the  I'nited  Ix»ad 
Co.  ha<I  t«M»  small  a  prtxluction  to  l)e  a  great  fact<»r  in  it.  Plans  were 
then  discuss«»<|  to  consolidate  the  two  companies;  they  himg  fire  for  two 
or  three  years,  and  never  were  conflummated,  but  finally  in  I9()6  the 
Ciuggenheims  acquired  a  controlling  interest   in  the  National  Ix'ad  Co., 
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and  then  their  mastery  of  the  lead  business  of  the  United  States  became 
fts  complete  probably  as  it  would  be  humanly  possible  to  make  it,  but 
still  far  short  of  commanding  the  industry,  as  we  have  seen  from  the 
experience  of  1907.  All  of  the  consolidations,  amalgamation  of  inter- 
ests, and  trade  arrangements  were  effected  between  the  end  of  1901  and 
the  end  of  1906.^ 

The  amalgamation  centers  in  the  American  Smelting  and  Refining 
Co.,  which  is  both  an  oj^erating  company  and  a  holding  company.  Aflil- 
iated  with  it  is  a  congerie  of  other  companies,  which  have  their  own  sul> 
sidiaries.  It  is  unnecessary  to  describe  the  system  in  detail.  We  may 
pass  on  to  a  summary  of  the  situation  in  the  lead  and  smelting  business 
as  it  existed  at  the  end  of  1906.  The  production  of  pig  lead  in  the  United 
States  in  1906,  according  to  The  Mineral  Industry,  was  as  follows: 

Desilverized,  domestic 220,095  tons 

Antiinonial,  domestic     7,4.34  tons 

Southeast  Missouri 100,492  tons 

Southwest  Missouri 16,528  tons 

Miscellaneous 980  tons 

Total     345,529  tons 

Desilverized,  foreign 67,441  tons 

Antimonial,  foreign    2,686  tons 

Grand  total    415,656  tons 

There  were  three  producers  of  desilverized  lead,  viz.,  the  American 
Smelting  and  Refining  Co.  and  affiliated  companies;  the  Balbach  Smelting 
and  Refining  Co. ;  and  the  Pennsylvania  Smelting  Co.  The  United  States 
Smelting,  Refining  and  Mining  Co.  had  put  a  large  refinery  in  operation 
near  Chicago  in  the  closing  days  of  the  year. 

Disregarding  four  or  five  small  producers  in  the  Wisconsin  and  I\Iis- 
souri  districts,  the  only  important  producers  of  non-argentiferous  lead 
were  the  Federal  Lead  Co.  (a  subsidiary  of  the  Trust),  the  St.  Louis  Smelt- 
ing and  Refining  Co.  (a  subsidiary  of  the  National  Lead  Co.,  which  was 
controlled  by  the  Trust),  the  St.  Joseph  Lead  Co.,  the  Granby  Mining 
and  Smelting  Co.,  and  the  Picher  Lead  Co. 

The  production  of  white  lead  in  1906  was  123,640  tons,  corresponding 
approximately  to  99,000  tons  of  pig  lead,  nearly  30%  of  the  totaP  pro- 
duction of  desilverized  and  soft  lead.  Of  the  production  of  white  lead 
about  85%  was  made  by  the  National  Lead  Co.  and  United  Lead  Co. 
Both  of  those  companies  were  controlled  by  the  American  Smelting  and 
Refining  Co.     The   same  companies  made   the   bulk  of   the  output   of 

'  According  to  the  report  of  the  National  Lead  Company  for  1907,  no  single 
interest  is  now  in  control  of  it,  the  accumulation  of  holdings  referred  to  in  this  text 
having  evidently  been  dispersed. 


litli:irj;r,  n'<l  U'ati  aii'i  <'r.uij;p  ruinoral,  hmm  -n.ii,  aii'i  itir  i<a<t  ailov><, 
.sutli  a>  Imlihitt  metal.  Also  tiu'V  wen-  lar^'r  pnnlticrp*  «if  hhifl  l(:wl  aii'l 
U*a<l  |>i|K>. 

It  is  cviiicnt,  tln'rr|nn',  that  tlie  jinMiiKtinii  di  n-lmrfl  Iraij  aii-i  ni  the 
niantifai'tiin's  of  IcatI  lia<l  pasHMl  to  a  lar^r  Wc^riH'  into  tlie  liaiiiLs  of  the 
Ainorican  Srucltiii^  aii<l  H(*tinitiK  Co.  That  ('oni|>aiiy  u\m}  eoiitn>lltMl  u 
hirjn'  |)art  of  the  pnuliirtion  ttf  lca<i  in  .M(\i<o. 

In  the  m'tuTal  siiu'ltiiiu  lni.snu'ss,  the  Aiiiciicaii  Siiit'ltiiiK  »'i'l  HofiiiinK 
Co.  had  inoir  romi>i'tition.  In  <crtaiii  States  it  ha<l  an  active  ami  fM»wcr- 
ful  comix'titioii.  (>.s|)ccially  from  the  copiKT  .smelters.  A.s  wjls  n>marke<l 
el.scwheri'  in  this  work,  there  is  a  lar^je  tla.ss  of  jjolil-  and  silver-U-ariiiK 
ore  whieh  ean  Ik*  tn\*ited  cither  in  the  lead-smelting  furiuue  or  the  eoi)|>cr- 
smeltin^  furnace,  the  latter  process  having;  an  advantage  \vhi<h  may 
l)e  generalized  as  approximately  $1  |H'r  ton  of  ore.  On  the  part  of  the 
IcatI  smelters  tlii.s  has  le<l  to  a  comhination  plant,  capaMe  of  treating 
ores  l)y  either  process,  accordini;  as  it  may  U'  most  <lesiral»le.  Snch  works 
arc  in  oiwration  at  Salt  l^ake  ("ity.  Itah.  Tacoma,  Wash..  lil  Pjuso,  Tex., 
Ag»i:us<alicntcs.  .Mexico,  and  elsewhere.  The  |H».s.ses,xion  of  these  w«»rk.s 
hsus  made  the  American  Smeltinj:  and  KefiniiiK  Co.  one  of  the  nn-at  fac- 
tors in  the  co|»i»er  l)U>iness.  a  jKisition  which  it  will  soon  incn-a-sc  greatly 
in  im|K)rtance  through  the  recent  acquisition  of  .some  immense  copper 
mines.  Kvery  silver-lead  smelting  works  needs  a  little  copjier  to  mix 
witli  it.s  other  <»res  in  onler  to  secure  the  U'st  extraction  of  the  pn><ious 
metal.s,  but  while  the  lead  snielter  is  always  in  the  market  for  any  ores 
which  contain  copjH*r.  the  cop|n>r  smelter  projH'r  is  highly  averse  to  any 
ores  which  contain  lead.  Con.<<Mjuently  this  imiK>.'^«s  a  limitation  up«in 
the  com|)etition  to  which  the  Aujerican  Smelting  and  Refining  Co.  Ls  at 
pn*.>^Mit  stiltject. 

In  the  State  «>f  Colorado  the  Amcri«an  Smelting  ;in<l  Hefining  Co. 
i.s  paramount.  The  only  op|tosing  lead  smelter  is  the  Ohio  Jc  Colorado 
Smelting  Co..  of  Salida.  The  Itoston  i^  Cohmido  .*>melting  Co..  «»f  .\rgo, 
is  a  comjietitor  on  a  c«»m|>aratively  small  scale  for  cop|n»r-l»earing.  and 
fc»r  HiliciouM,  non-lead-liearing  orc.s.  In  the  Cripple  Crcok  district,  which 
profluces  the  largest  tomuige  of  any  district  in  the  State  with  the  exce|»- 
tion  of  Ix>adville.  the  ore  l)eitig  a  silici»»us-aluminous  gold  ore.  the  .\meri- 
c;in  Smelting  and  Hefining  Co.  and  the  Cnited  States  Reduction  an<i 
Refining  Co.  (commonly  known  :is  the  mill  tnist)  arc  the  huyen»,  hut 
they  o|ierate  un«lcr  a  mutu.'d  under>tanding.  whcn-forc  there  i.s  n(»  com- 
|ietiti«)n  lietween  them.  However,  indeftendent  mill.s  for  the  treatment  of 
the  ore  of  this  district  will  g«i  into  ofieration  in  \'.H)S.  In  this  ca.se  there 
is  a  fair  field  f<»r  comjietition.  the  pnuluct  «if  the  ore  U'ing  gohl  l)u\lion 
which  finds  unlimited  xale  with  the  I'.  S.  Mint  at  the  standard  price. 

In  Ctah  the  Cnited  States  Smelting  Co.  (a  huljwidiary  of  the  Cnitetl 
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States  Smeltinp:,  Refining  and  Mining  Co.)  and  the  American  Smelting 
and  Refining  Co.  are  direct  competitors  for  all  kinds  of  ore.  The  Utah 
Consolidated  Mining  Co.  and  Bingham  Consolidated  IMining  Co.  buy 
cop}3er  and  silicious  ores.  All  of  these  are  powerful  concerns.'  Their 
competition,  especially  that  of  the  United  States  Smelting  Co.,  extends 
into  California,  Idaho  and  Nevada. 

In  Montana  the  American  Smelting  and  Refining  Co.  is  alone  in  so  far 
as  lead  smelting  is  concerned;  also  in  Washington.  There  is  no  impor- 
tant lead  smelter  in  Idaho.  The  United  States  Smelting  Co.,  Ohio  & 
Colorado  Smelting  Co.,  and  Pennsylvania  Smelting  Co.  (of  Pittsburg, 
Penn.)  all  obtain  considerable  supplies  of  ore  from  this  State,  but  the 
bulk  of  the  output  of  the  Canir  d'Alene  goes  to  the  American  Smelting 
and  Refining  Co.,  which  has  long-time  contracts  with  the  most  important 
mining  companies,  including  the  Federal  Mining  and  Smelting  Co.,  which 
it  controls. 

In  California  the  American  Smelting  and  Refining  Co.  is  practically 
free  from  competition,  although  the  Mammoth  Copper  Mining  Co.  (a 
subsidiary  of  the  United  States  Smelting,  Refining  and  Mining  Co.)  and 
the  Mountain  Copper  Co.  are  in  the  market  for  non-lead-bearing  ores, 
and  the  former  invades  the  southwestern  Nevada  territory. 

In  Arizona  and  New  Mexico,  which  are  commanded  by  the  El  Paso, 
Silver  City,  and  Pueblo  plants  of  the  American  Smelting  and  Refining 
Co.,  non-lead-bearing  ores  are  competed  for  by  the  Copper  Queen  Con- 
solidated Mining  Co.  of  Douglas,  Ariz.,  the  Arizona  Smelting  Co.  of  Hum- 
boldt, Ariz.,  and  the  Boston  &  Colorado  Smelting  Co.,  of  Argo,  Colo. 
There  are  several  small  lead-smelting  plants  which  are  in  the  market 
for  lead  ores. 

It  appears,  therefore,  that  in  the  general  smelting  business  the  American 
Smelting  and  Refining  Co.  is  subject  to  a  good  deal  of  competition,  which 
has  developed  since  its  organization,  and  promises  to  increase.  Its  posi- 
tion in  the  lead-smelting  business  is  more  monopolistic,  but  in  that  also 
it  is  experiencing  a  good  deal  of  competition,  some  of  which  is  of  a  new 
and  strong  character.  Its  chief  bulwark  in  this  direction  is  its  possession 
of  the  supply  of  essential  ores  through  long-time  contracts  and  the  owner- 
ship by  itself  of  man}'  mines.  Of  especial  importance  is  its  strong  foot- 
hold in  the  Coeur  d'Alene. 

The  only  sure  basis  for  a  permanent  monopoly  is  the  control  of  the 
raw  material.  Smelting  and  manufacturing  plants  can  be  duplicated. 
Metallurgical  and  business  experience  can  be  purchased.  But  valuable 
mines  are  only  where  Nature  put  them  and  they  are  not  common.     It 

'  At  the  end  of  1907  the  Utah  Con.«olidated  and  Bingham  companies  were  obliged 
to  close  their  works  owing  to  a  court  injunction  resulting  from  litigation  respecting 
the  smoke  nuisance  complained  of  by  the  farmers. 
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i>  ihr  n'ali/.jitinii  of  this  principle  that  has  fiunnM  tin-  Atmrn  an  Miultinj; 
aixl  Kt'hniiiK  ('«».;  hence  the  activity  of  the  (Iij^>;enheini  l*Apl«»ration  ('<». 
It  \vn»  the  accpiisition  of  an  adecjiintc  inileix'ndent  circ  Mtipply  that  enal>le<l 
the  I'nited  States  Snieltinn.  He(ininK  ami  Mining  Co.  to  enter  the  field 
a.H  a  |K»\verful  coinj»etitor.  It  is  the  diniciilty  of  coin|)etitors  in  ohtaininn 
the  requisite  ore  supplies  that  gives  the  Anicriran  Stneltinj;  and  Kefining 
Co.  its  strong  hold  in  Colorado,  where,  moreover,  its  profit  in  smelting 
Ls  comparatively  so  small  that  there  is  little  inducement  towanl  outside 
eomfietitioti. 

Inquestionahly  there  h:is  U'en.  and  still  i>,  iiukIi  dissatisfaction  amruig 
the  producers  «)f  ore,  esjiecially  in  Colora<lo,  over  the  jK»licy  of  the  .Ameri- 
can Smelting  an<I  Refining  Co,  Doubtless  they  have  suffered  some  in- 
justice from  arbitrary  methods  of  doing  business,  some  htillying  that 
is  naturally  repugnant,  and  some  miners  have  pn»l)al»ly  \hh'U  favorcMl 
with  advantageous  terms  at  the  expeasc  of  others,  but  that  the  producere 
as  a  whole  have  IxK»n  unfairly  taxe<l  for  the  smelting  of  their  ore  does  not 
apix'ar  t(»  Ik?  the  ca.xe  in  view  of  the  comj)aratively  small  profit  that  .s:'em8 
to  be  realized  on  this  part  of  the  business.  On  the  other  hand,  the  pro- 
ducers of  lead  «)rc  liave  distinctly  reafKMl  a  great  a«lvance  from  the  high 
|)rice  of  lead  that  pnnailed  from  1!H)2  until  near  the  end  of  HK)7,  in  the 
creation  of  which  the  Smelter  Trust  was  instrumental.  For  this  the 
consumer  has  had  to  pay. 
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INTKODICTION 

TnF.  history  of  zinc  in  the  I  riitrd  States  is  much  h-^  microtiiiK  than 
the  history  of  Ifjiil.  For  one  thiiij^  it  is  hriefer;  for  an<tth«'r  it  \v:lh  never 
lianj|>ere«l  in  its  early  developnieiit  liy  lack  of  cheap  trans|M»rtation.  an«l 
wjus  wholly  without  the  romance  accmiipaiiyinK  the  o|H'niiiu  «if  the  silver- 
leail  miiifs  west  of  the  Rocky  Mnuiitaiiis;  ami  linally,  when-its  in  lea<l 
smelting  American  metallurgists  have  leil  tlu'  worKl  in  their  marvelotLs 
improvements,  in  zinc  smelting  American  practice  until  very  n*eently 
ha.s  Ikhmi  on  the  whole  not  (uily  almost  without  initiative,  hut  also  hjis 
l>een  backwani  in  adopting  the  impnivenients  introihiced  in  Kun>|)e. 
The  re:isoiLs  for  lack  of  enterprise  will  l)e  explainetl  further  on. 

The  world's  history  «»f  zinc  is  hrief.  covering  hut  little  more  than  a 
century.  Zinc  mines  have  l)een  worked  for  several  hundnMl  years,  but 
the  ore  w;is  used  only  for  the  manufacture  of  brass  by  the  cementation 
process.  It  w:ls  not  generally  known  how  to  obtain  spelter  from  zinc 
ore  until  the  lx>ginning  of  the  nineteenth  century.'  Zinc  smelting  was 
first  carrie<l  on  ctunujercially  by  Isaac  Lawson  at  Mristol,  Mnglaiul.  in 
1740  or  1741.  He  probably  obtained  his  knowledge  of  the  pn)ce.'*s  fnun 
China.  .\pj)arently  sjwltcr,  i»r  tuteneague,'  wjm  imi)orted  in  small  (pian- 
tity  from  China  previous  to  his  time.  In  17!>S  .loh.arm  KuhU-rg  disj-ov- 
ercd  the  art  of  smelting  at  \Ve.s.sola.  rpjicr  Silesia.  I'rus>ia.  and  in  the  same 
year  Dillinger  made  a  similar  dis<-overy  at  I)«'lach.  Carinthia,  .\ustria. 
In  1S()7  the  .Vbbc  Dony  made  his  discovery  at  Liege,  the  story  of  which 
is  a  chuisic  in  metallurgic;il  literature.  The  evidetU  fact  that  he  wa-s 
ignorant  that  .s|)elter  wjw  even  then  lieing  pn»duced  in  Silesia  w  testi- 
m(»ny  to  the  slowness  of  di.s.se  mi  nation  of  technical  information  KH)  years 
ago.  These  four  discoveries  were  the  cirigins  (»f  four  di>tinct  metluxU 
of  .smelting,  viz.,  the  Knglish,  the  Silesian,  the  Carinthian,  an<l  the  IVI- 
gi.m.  Of  these.  c»nly  the  Silesi.-m  and  the  It<'liri:in  have  s»irvive«I.  The 
Ix-st  modern  practi<-e  is  a  rombinatiun  of  them,  known  .is  the  Rhenish. 

•  K«»r  <l<>(nil!«  of  thn  hixtorj*  itf  «inr  n-frr  t<»  H  NiMinuinn,  Iho  Mrl.-illo;  I.  vmj  Wmi««, 
IteitRix*'  siir  (irwhirhto  (l«>r  Wirthvlmftlirhrn  KnlMirkliiiix  tier  HohtinkfalmkAlion; 
InipilU.  Pnxltirtion  .ntvi  l*rr>|irrti<xi  <if  Zinr;  IiiKnIU.  MrlAlliino'  of  /inr  and  f*.!*!!!!!!!!!!; 
an<i  I^mIIii.  M<''(alluritM>  <lu  Zinr. 

'  TtiiM  prculiar  wonl  in  ii{Mjlf<i|  in  v.irioiiJ«  wnyit. 
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The  occurrence  of  zinc  ore  in  the  Ignited  States  must  early  have  been 
known,  because  the  mineral  blende  is  the  conunonest  as'sociate  of  galena. 
However,  none  of  those  occurrences,  if  known,  was  in  connection  with 
workable  deposits,  either  then  or  at  any  subsequent  time,  with  the  sole 
exception  of  those  in  Sussex  County,  N.  J.,  where  the  mineral  was  not 
blende,  but  franklinite,  willemite,  and  zinkite.  The  first  mention  of  zinc 
ore  in  the  West  appears  to  have  been  made  l^y  Bradbury  in  1810,  who 
recognized  its  occurrence  at  Mine  a  Burton.*  Schoolcraft  also  observed 
it  in  Washington  County,  ]\Io.,  and  with  his  characteristic  acumen  pre- 
dicted the  future  value  of  the  ore,  which  was  a  remarkable  forecast  in 
view  of  the  infancy  of  the  zinc  industry  in  l*]urope  at  that  time  (1819) 
and  its  non-existence  in  the  I'nited  States.'  As  the  lead  mines  of  Missouri, 
Wisconsin,  Virginia,  and  other  States  were  opened  in  the  first  three 
decades  of  the  nineteenth  century  the  occurrence  of  zinc  ore  must  have 
been  observed  in  many  of  them.  The  first  attempt  to  work  zinc  ore 
for  the  production  of  spelter,  however,  was  made  in  New  Jersey,  and  to 
that  State,  therefore,  belongs  the  title  of  birthplace  of  the  American 
zinc  industry. 

1  H.  M.  Brackenridge,  Jr.,  Views  of  Louisiana,  p.  .304;  through  Winslow,  Lead  and 
Zinc  Deposits  of  Missouri,  I,  274. 

2  However,  it  appears  that  even  then  the  manufacture  of  brass  by  the  cementa- 
tion process  may  have  been  practised  on  a  small  scale  in  the  United  States.  Details 
are  lacking. 
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Dki'osits  (tf  zinc  ore  aro  wiijrly  (listril)Ut(Ml  in  the  I'nited  Staten. 
The  nuKst  im|x>rtnnt  arc  siluatcMl  iti  \\\v  .luplin  district,  of  sjuithwcHtern 
Missouri  ami  s«»Mtlu'astcrii  Kansas;  at  Stirling  Hill  anil  IVanklin  Fur- 
nace, N.  .1.;  ami  at  Ii<'a<lvill<'.  Colo.  The  phiccs  at  which  zinc  ore  Ikim 
Uhmi  niinotl.  or  is  kiiuwn  to  exist  in  uorkahle  quantity,  are  sh<»\vn  in  the 
accotnpanyinf;  map.  The  n-lative  iin|Mirtance  of  the  .-several  States  i\n 
pn»<lu<'ers  of  zinc  ore  is  shown  in  the  f«)llowing  tahle,  which  is  fn»ni  The 
Mineral    Industry,   vol.    .X\  : 
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(ii)  l'lHtinuitr<l.  (h)  PriMliirtioii  itf  Jii|i|in  distrirt,  |>Iun  i>tit|iii(  nf  wxithraHtiTti 
MiHHouri,  tin*  lntt«T  tut  n'|x>rtitl  liy  tin-  Stntr  iiiim*  ins|w«rl<»r.  (r)  .\rrt»nli«u:  t«i  H  K 
K-tiii,  "  ('ontriliutiunM  t4)  l->iiiiniiiir  ( l«<<>|(i(;y,"  I'.t04.  ii/i  |{<>|M)rt  of  Sinto  (li-,  ' 
rnnlc  orp.  (r)  I'nrtly  iHttinmlttl.  (J)  Arieoiui,  Ncvuiln.  Illin(ii<i.  luwn,  TcniM*»v- 
NirKiiiiA.  (y»  VjiIucji  .in*  i>Mliiimlr<l,  ni»  ilinvt  n'|M»rt»»  linviiix  lircn  n«r<'iv««il;  lhi«y  nrr 
nTkon«l,  in  nil  rjutf!*.  f.  o  li  iiiiiM>M.  «jn  tin*  lHU(i<«  of  the  avoni^fr  prir»»  for  («|»rU«*r  in  cnrh 
year  nmi  tlic  nvrnigr  ffnuic  ••'  •»"•.  (A)  liMliiin  Territory,  TennnnKv,  Artxuiui.  :n»«l 
Califoniin. 

The  pnxluction  of  zinc  .tr  m  ihe  I'nited  States  in  I'.XKi  wx**  <K).'»,I7") 

201 


262 


LEAD   AND   ZINC   IN  THE  UNITED  STATES 


(KxruuKNci:  oi   zinc  nui    IN  mi:  initki)  sTATfx       2ri3 

toan.  nRainst  7«».'>.r»US  tnrw  in  I'M).').  ati<l  (i'KJ.O'J'i  tniw  in  VMH.  The  hta- 
tistirs  fi»r  I'.HMi  an'  not  .strii-tly  coinparaMf  with  thns«»  for  I'Mh'},  IjcTaux* 
while  thr  hittrr  <iinitU><l  .H<»n>r  «»f  the  zinc  i»rr  ummI  for  th«>  pntthirtion  of 
zinr  oxiilp  and  /.inr-li>a«l  pigment,  the  .statistirM  for  VMHi  inrhnlc  all  zinc 
on*  c(Uis»MMrtl  for  all  pur|)OM«s.  These  statist i<".s  rrprcsent  the  concon- 
trateti  markctahlc  pnnhict,  and  show  the  a<tual  ''U[>j>li««s  of  raw  rtjateriai 
that  were  availahle  to  the  srnelterx. 

It  will  U'  ol»s«'rve(l  from  the  taide  that  a  lari:i-  jMii  of  the  proMiK  ti..ii 
of  ore  in  I'.MHi  w:ls  due  to  New  Jers<'y.  of  which  the  pnithict  Ls  us^mI  t«i  only 
a  small  extent  for  making  si)elter  in  the  Inited  States,  the  hulk  of  it  liein^ 
enjployed  for  the  manufa<tun*  of  oxide  and  for  exjiort  to  Kun*|>e  as  a 
s()elt«T  on\  Omitting  the  New  .lers«'y  pnxhHtion.  it  ap|iearM  that  the 
Western  sjx'lter  and  oxide  manufacturers  received  'Mi^HH)  ton«  of  ore 
in  llMMi.  The  pmduction  of  the  Joplin  district  accounts  for  alxiut  1.'{7.(KK) 
tons  of  s|M'lter,  a>;ainst   12I,(KK)  tons  in   IlK).'}. 

Ariztnui.  —  Zinky  (»re  occurs  at  many  places  in  this  Tcrrilor>',  and 
during  the  last  few  years  consideraMe  attention  has  lx»en  devoted  to 
some  of  the  <le|K>sits,  es|)ecially  th«»se  near  Tucson,  hut  up  to  the  prr'sent 
time  the  t<ital  production  of  the  Territory  has  l»een  insignificant.  Most 
of  the  «>ccurrences  of  zinc  ap|>ear  to  l»e  in  the  form  of  mixed  sulphides. 

Arknufat.  —  Zinc  ore  h:is  U-en  «liscovered  at  numerous  points  in  this 
State.  The  ile|M»sit,s  which  have  attracted  most  attention  are  situated 
in  .Marion,  and  adjacent  |)ortions  of  Intone.  Baxter.  Newton,  anti  Searcy 
counties  in  the  northern  part  of  the  State.  They  are  (K'.scrilii»d  :ls  irregu- 
larly distril)Ute<l  in  crevic<*s  and  ahing  joint  planes  in  mafrne«<ian  lime- 
st«me.  the  crevices  fre(|uently  enlarging  into  jKH-kets  or  cavernous  spaces 
filled  with  ore,  clay,  and  other  gatigue.  At  .s<ime  |>oint.s  the  nrv  h:w 
impn»gnate»l  certain  strata,  ami  thus  occurs  at  a  dehnite  horizon. 

The  zinc  n'gion  of  northern  Arkansas  lies,  generally  s|ieaking.  t<»  the 
north  of  the  iViston  .Mountains  ami  west  of  the  St.  liouis.  Inui  .Mountain 
and  Siuthern  Railway.  The  tardiness  of  the  development  of  the  region 
is  due  in  part  to  its  to|)ography.  it  heing  a  hilly  :ind  [tartly  mountainoiLs 
country,  through  which  there  have  Uvn  no  railways  until  rtM-ently. 

Ii«»th  the  hiende  and  the  cdamine  of  northern  .Vrkansjis  arr  nemark- 
.•dtle  for  their  purity.  The  early  zinc  mines  «»f  Arkans:is  were  ofiened 
on  defiosits  of  smith.sonite  in  the  surface  <lays  and  S4»ils,  al«»ng  and  near 
the  outerofw  of  defxtsits  of  hiende.  Zinc  silicate  ore  in  mtich  le.ss  abun- 
dant in  ntirthern  .Arkansas  than  either  hiende  or  smith.<w>nite. 

IVviiU>s  in  northern  Arkatt^as,  zinc  «»rr  h.xs  U't-n  mined  in  n  tenta- 
tive way  in  the  .nouthem  pjirt  of  the  State,  in  Sevier  (Viunty,  aUiut  70 
miles  n«»rth  «»f  Texarkana  and  f«»ur  miles  from  the  Indian  Territory,  when* 
tliere  Is  a  fissure  vein  in  hiack  slate,  which  is  travers<'d  l»y  dike?*  of  diorite. 
The  ore  is  a  mixture  of  blende,  chaleopyrilc,  and  argentiferous  galena. 
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Colorado.  —  Tlio  inniicnse  shoots  of  siili)hi(Ic  ore  at  Leadvillo  had 
hirgc  quantities  of  a  mixture  of  blende,  pyrites,  and  galena,  vvhicii  assayed 
about  24';;  Zn,  6%  Pb,  25%  Fe,  39%  S,  4%  SiOj,  and  8  oz.  silver  ])er 
2000  lb.'  The  occurrence  of  these  ore-bodies  and  their  early  history 
are  tlescribed  in  the  section  of  this  work  which  relates  to  lead. 

iSince  1899  a  large  quantity  of  zinc  ore  has  been  produced  from  this 
district,  which  as  a  source  of  spelter  has  come  to  rank  second  only  to  the 
Joplin  district.  The  ore  as  marketed  consists  of  concentrate  prepared 
by  magnetic  separation,  W'hich  contains  40  to  45%  zinc;  concentrate, 
which  contains  35  to  40%  zinc,  made  by  Wilfley  tables;  and  crude  ore, 
which  contains  about  30%^  zinc  after  a  rough  hand-sorting.  Tlie  last 
is  produced  especially  by  the  Moyer  mine,  in  which  the  ore-body  is  essen- 
tially a  mixture  of  blende  and  pyrites,  the  galena  content  of  the  ore  shoot 
which  passes  through  the  A.  Y.,  Minnie,  Col.  Sellers,  and  Moyer  mines 
decreasing  in  lead  content  toward  the  last. 

Since  1899  considerable  zinc  ore  has  been  produced  at  Creede,  where 
it  is  concentrated  to  a  product  assaying  55  to  59%  zinc,  4  to  6%  lead, 
and  1.1  to  2.1%  Fe.  The  Creede  blende  generally  carries  2  or  3  oz.  Ag 
per  ton,  and  sometimes  is  auriferous. 

Important  deposits  of  mixed  sul])hides,  somewhat  similar  to  those 
of  Leadville,  exist  at  Kokomo,  Summit  County,  where  there  is  a  bedded 
vein,  10  to  12  ft.  thick,  of  great  extent.  In  this  there  are  shoots  of  high- 
grade  silver-lead  ore,  but  the  great  mass  of  the  ore  is  very  low  in  lead, 
or  destitute  of  it,  being  essentially  a  mixture  of  blende  and  pyrite.  Its 
composition  is  approximately  20%  Zn  and  28%  Fe.  It  contains  4  or 
5  oz.  Ag  and  0.2  to  0.4  oz.  Au.  These  deposits  have  been  worked  for 
zinc  to  a  considerable  extent. 

Zinc  ore  is  also  produced  at  Montezuma,  Breckenridge,  and  elsewhere 
in  Summit  County;  at  Red  Cliff  in  Eagle  County;  at  Georgetown  and 
Silver  Plume  in  Clear  Creek  County;  at  Rico,  in  Dolores  County;  and 
at  various  places  in  the  (Gunnison  and  San  Juan  districts.  Indeed,  zinc 
ore  occurs  in  Colorado  almost  ever3'where  that  lead  does,  the  two  ores 
being  found  commonly  in  intimate  association. 

Idaho.  —  Zinc  ore  was  first  mined  in  this  State  in  the  Wood  River 
district,  where  a  small  ]:)roduction  was  made  from  the  War  Dance  mine 
in  1905.  The  ore  is  blende  associated  with  galena  and  siderite.  In 
1906  the  production  of  zinc  ore  was  begun  in  the  Cceur  d'Alene,  where 
all  of  the  veins  are  zinky  to  a  small  extent,  and  some  contain  sufficient 
blende  to  be  workable  for  that  mineral.  The  zinc  ore  production  of  Idaho 
has  not  yet  attained  much  importance. 

'  During  the  la.st  two  or  three  years  tliis  zinc-lead  ore  has  been  largely  exhausted 
and  the  production  of  Leadville  has  been  chiefly  blende-pyrites  ore,  carrying  only  a 
little  lead,  from  the  same  ore  shoots. 
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KiuniiK'i.  —  Zinc  on*  oortirs  in  Kentucky  near  Marion  in  (ritU'inIrn 
County,  wlirit!  it  w  found  in  cotuicction  with  the  <le|N».sit.s  of  fhiorspar 
and  galena  which  hnve  lieen  workcti  to  Romc  extent.  The  (olunihia 
mine  is  oi>ene<l  on  a  fissure  vein  jdong  the  line  of  a  fault  of  which  orie 
of  the  walls  is  liin«'stone;  the  <»ther  a  sandstone  <tr  ({Uartxite.  The  vein 
varies  in  width  fnini  IS  in.  to  (»  ft.  In  some  placen  the  ore  KprcatU  out 
laterally  as  "flats"  or  IkmIs.  The  f>re  consists  of  galeiui  and  blende, 
with  a  gan^ue  of  fluorite,  .some  cahite,  a  little  clay,  and  small  (|uatitities 
of  harytes  and  cnuirtz.  In  most  parts  of  the  vein  only  the  ore  and  fluorite 
are  met  with.  The  galena  and  l»lende  occur  in  l»unchcsand  crystals  scat- 
tered thn)unh  the  fluorspar. 

The  Tahl)  mine,  south  of  Marion,  has  a  wide  vein,  standing  vertically, 
of  great  longitudinal  extent,  of  which  one  wall  is  limestone  and  tin*  other 
a  sandstone  or  (piartzite  of  undetermined  character.  The  mineral  is  a 
resinous  Mende.  low  in  iron,  which  is  very  finely  <li.s.si'minated  in  a  gangue 
of  fluorspar.  Other  veins  in  the  district  are  of  similar  character.  The 
district  has  lKH*n  extensively  faulted,  the  nnmernus  initiond  veins  ocr-upying 
fault-fissures. 

Owing  to  tlic  liiM'ly  di^'-cmiiialcd  (iccurrciKc  ni  tnc  Miincr;il  and  the 
difliculty  of  separating  it  from  the  fluorspar  (sp.  gr.  .'M  to  .'i.'J).  which 
was  not  satisfactorily  surmotmtetl  until  I!MKi.  the  development  of  the 
Zinc  mines  of  Kentucky  has  not  yet  l)een  of  imi)ortant  character.' 

Missouri,  Kansas,  ami  Oklahoma.  —  Zinc  ore  is  found  in  several  parts 
of  .Mi.ssouri.  hut  the  only  imix)rtant  mines  are  those  of  the  Jojjlin  district, 
l»y  which  (lesignation  is  understood  an  irregtilar  area  comprising  the 
mines  of  the  (^uapaw  re.'^ervation  in  Oklahoma,  tho.se  of  (lalena.  K.an., 
and  those  at  Wehb  <'ity,  Carterville,  Ort)nogo.  and  Joplin  in  .htsfier  CVmnty, 
.Mo.,  (Iranhy  in  Newton  County  and  Auwira  in  Lawrem'e  County.  Iiesides 
various  le.ss  imi)ortant  mining  centers.  Circumscril)ing  this  area  hy  an 
eHi|)«e;  it.s  hmg  axis,  cxten«ling  from  Aun»ra,  Mo.,  on  the  ca«t,  to  Galena, 
Kan.,  on  the  west,  is  alntut  5()  miles,  while  its  width  on  the  short  axis 
ext«'nding  north  fn)m  (Iranhy,  .Mo.,  is  alK)ut  2'>  miles.  The  c<»untry- 
roek  of  the  region  is  chiefly  limestone  of  the  liower  CarlMinifennw  forma- 
ti«»!>.  which  immediately  underlies  the  adjjicent  coal  me:»sures  »»f  K;: 
This  limestone  is  imt  everywhen*  ore-ln'aring.  hut  only  in  local  areas  > 
the  romlitions  have  favore<I  the  de{M>sition  of  mineral.  Surroundmg 
such  arejis  are  hmad  tracts  of  barren  gnumd. 

Hroadly  considered,  the  ore  defxtsits  are  (I)  horizontal  or  nearly  hori- 
zontal  sheets,   or   blanket   veitus,   of   breeciated   and    mineralized   chert; 

'  Tlip  Kcnliirky  linr  clr|inMlA  ocfur  in  an  cxtciuikin  of  thr  l«ul  ami  flunnipar  di»- 
trirt  of  Konirlnm.  Ill  ,  llir  pMildKy  of  which  han  Ux«n  «lo»»rril»i>«l  l»y  .'<.  F.  Kinmotui.  in 
Tnitu*.  .\iii.  IiibI.  Min.  Kni;.,  XXI,  31.  HrfiTiMir*-  iiuiy  n\mt  U'  iiumIc  to  irvrral  pul>- 
liraliunA  of  llic  V.  S.  (>culo((icaI  Survey  and  of  the  Kentucky  (irolof^ical  Survey. 
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and  (2)  vertical  or  inclined  deposits.  The  deposits  of  the  first  class  so 
far  as  dcvelo|x>d  at  present  occur  in  a  belt  extending  from  Duenweg 
northwesterly  through  Webb  City  and  Carterville  to  Oronogo.  The  rocks 
in  which  the  ore  occurs  are  bedded  cherts,  the  ore  being  found  in  seams 
in  the  somewhat  broken  beds.  Deposits  of  this  form  are  always  near 
ore-bodies  of  the  second  class.  The  latter  may  be  subdivided  into  (a) 
lenses  of  elongated  form  (runs)  or  approximately  elliptical  or  circular 
form,  and  (b)  irregular  deposits.  These  deposits  are  also  mineralizations 
of  brecciated  chert.  Many  of  these  lenses  are  of  great  size,  especially 
in  the  vicinity  of  Webb  Cit)^  and  Joplin,  Mo.,  and  Galena,  Kan.,  where 
stoi^es  occur  75  to  150  ft.  wide,  40  to  80  ft.  high,  and  200  to  400  ft.  long, 
from  which  all  the  material  extracted  has  been  milled.^  The  smaller 
lenses  are  15  to  50  ft.  wide,  5  to  30  ft.  high,  and  100  to  500  ft.  long.  In 
one  instance  near  Joplin  a  channel  of  ore  was  followed  for  1000  ft.  These 
lenses  and  channels  are  frequently  of  highly  irregular  shape,  often  sending 
out  sheets  and  pipes  into  the  surrounding  barren  coimtry-rock.  They 
are  connected  with  a  system  of  fissures  in  the  country-rock  and  occasionally 
the  latter  are  found  mineralized  in  coincident  sheets.  Thus,  Jenney 
(loc.  cit.)  describes  vertical  fissures  in  the  district  which  traverse  the 
limestone  without  disturbing  the  stratification  or  producing  any  brec- 
ciation  except  between  the  cheeks  of  the  fissures,  enclosing  veins  of 
mineral  after  the  usual  manner  of  "fissure  veins."  A  fissure  of  that 
character  near  Joplin  carried  ore  to  a  depth  of  GO  ft.,  with  a  longi- 
tudinal extent  of  200  ft.  and  thickness  of  4  to  12  ft.  between  walls. 

The  common  lenticular  masses  of  mineral-bearing  chert  in  general 
are  clo.sely  associated  with  the  limestone  country-rock  of  the  district, 
and  occur  along  fault  planes  and  at  the  intersection  of  faults.  The  dis- 
tribution of  mineral  through  the  chert  is  irregular.  The  blende  occurs 
impregnated  in  seams  and  bunches  in  the  chert,  so  that  frequently  the 
fragments  of  the  latter  appear  cemented  together  hy  the  blende,  which 
everywhere  permeates  the  mass  in  a  net-work.  As  the  ore  Ijecomes 
richer  the  seams  of  blende  increase  in  thickness  and  sometimes  pockets 
of  solid  blende  or  loose  aggregates  of  crystals  (gravel  jack)  are  found. 
Usualh'  the  proportion  of  blende  increases  in  the  lower  part  of  the  deposit, 
where  it  sometimes  entirely  replaces  the  chert,  but  at  the  bottom  of  the 
deposit  there  is  commonly  a  layer  of  very  solid,  dense  chert,  which  cuts  off 
the  zinc  ore.  It  is  often  the  case,  however,  that  another  ore-body  comes 
in  under  such  a  layer  of  chert  and  there  are  instances  where  four  successive 
ore-bodies  have  been  opened,  one  under  the  other,  with  intervening  part- 
ings of  chert.  The  ore-bodies  arc  sometimes  identical  with  the  chert  lenses, 
so  that  the  entire  lease  is  more  or  less  impregnated  with  blende,  but  more 
frequently  separate  ore-bodies  occur  in  various  parts  of  the  larger  lenses. 
1  Walter  P.  Jenney,  Trans.  Am.  Inst.  Min.  Eng.,  XXI,  .31. 
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lUtil  alMiut  \'M)\  iM«arly  the  wljoli*  pnuliirtinn  <»f  the  Joplin  dLstrict 
wan  ticrivrd  from  the  doiKwiU*  of  tho  «eroinl  chvm,  i.e.,  the  niiw,  IcnMW, 
ami  irn*mih»r  fiiniis.  The*  nn»  <»f  thrse  wiis  roinpanitivcly  rirh,  nornr- 
tinx's  very  rich,  luit  thr  (l(>|N».sit.'<  wvrv  coinimrativcly  Muall.  A  nin  or 
Iciwc  tliat  yic'l<lr«l  1(N),(N)()  t<»iu<  of  rnulc  oro,  whirh  w«»ulii  l»e  rxhaiif«t(>ii 
ill  alM)Ut  thriH'  yrars  l)y  ihr  mining  «»f  KHI  tniu*  jut  fhiy.  wtv*  <if  very  fair 
ni/o.  (\»n.'<o<|urntly  the  hi.st<»ry  <»f  the  «h.''tri<t  \va.s  the  roitxtaiit  exliaiw- 
tion  of  ore  tlc|)osit«,  the  diNcovery  of  new  one**,  aixi  the  development  <if 
new  prndurer><  to  take  the  phwes  of  the  oM  nrje.x.  The  dep«»sit.s  (»f  the 
first  class,  i.e.,  the  sheet  ground,  an*  much  lar^;er  ami  much  more  regular, 
eoiisistiiiK  generally  of  a  fairly  remilar  lied  of  ore  S  t<»  14  ft.  in  thirkneHH, 
and  of  great  lon^itudi!^al  and  lateral  extent.  Thes*'  deix)sits  wen?  early 
known,  lnjt  for  a  lon^  time  could  not  l)e  profitably  worked  liecau.so  of 
their  generally  low  t«'ni>r  in  zinc.  Since  I'JOI,  however,  the  demand 
for  spelter  has  increa.>ied  so  much  that  the  price  for  the  nietal  h;is  ris<'n 
to  an  extent  |»ermitting  these  low-grad«'  dejjosits  to  Ik*  worke«l.  and  by 
ItKMi-P.H)?  probably  upward  of  40%  of  the  Joplin  pnuluetion  wjw  derived 
from  them.  The  large  diniensinns  of  these  <lei)osits  luis  warrante«l  the 
iiLstallation  of  mining  and  milling  plants  of  far  gn'ater  caftacity  than 
eould  safely  l>e  iastalled  for  the  older  ruits  and  leif*e.»<,  which  has  led  to 
gn'at  impn»ven)ents  in  the  mining  and  milling  practice. 

The  grade  of  the  •)ri'  mined  at  Joplin  Is  variable  at  pn\sent,  ami  always 
ha.H  lieen,  but  in  general  it  has  decreased  fn»m  decade  to  ticeade.  In 
the  early  days  <»re  yielding  as  high  jus  ">()','  «»f  mineral  was  mined.  In 
ISU4  few  mines  could  Ix?  worked  at  a  pndit  which  did  not  yield  lO'^^.' 
In  ism»  I;K)1  the  average  wa-s  alniut  .')',.  In  1«H)")  1«K)7  a  great  deal 
of  sheet  gnnin«l  yieldifjg  only  '.V",   wjls  worked,  and  even  Jis  low  jls  2.5^,*. 

I>e|¥»sits  of  smithsonite  and  hemimorphite.  clas.><ed  together  :is  "sili- 
eate  ore"  by  the  miners  of  the  district,  occur  esfiecially  in  the  vicinities* 
of  .\un»ra  and  (Iranby.  where  on*  of  that  character  rich  enotijjh  to  ship  in 
lump  form  is  obtained.  As  .s<Mit  to  the  smelt<'rs  it  averages  40  to  4.'>' ,' 
Zn.  Kl.sewhere  in  the  Joplin  district  blende  is  the  predominant  mineral, 
(ialena  is  comnutnly  a.ss«>ciated  with  it.  In  the  riiris  an<l  len.>M's  the  galena 
(M-ctirs  niorc  abundantly  in  the  U|)per  portions,  while  in  the  lower  parts 
of  the  ore-lKxIies  there  i»  lew  of  it,  and  often  none  at  nil.  Where  tlic 
two  minerals  «)ccur  together  there  is  no  sharp  line  of  demarcation,  btjt 
in  dressing  there  is  no  difliculty  in  .neparating  the  two  minerals  when 
intermingled.  As  the  surfnee  «le|K>sit«  lieenme  exhausted  the  pmp(»rtion 
of  lead  ore  to  zinc  ore  «lecre.'i.'*ed.  H«>wever.  this  falling  off  h:is  l»een 
offset  by  the  incre.-ising  pnxluction  of  ore  fn»m  the  sheet  gmund.  which 
averages  a  little  higher  in  lead  than  the  j>ther  ore.'     There  is  not  as  a 

•J    U    niilil>.iiii;h.  Tlir  Mimrnl   Iixlimtn-.   lit.  .V{7 

'  Thr  prxxlurtion  of  \vatl  urt>  jumI  xinc  urr  tliinnK  (ho  U*t  (wrlvc  jrmr*  wut  m»  followii, 
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rule  a  larfjc  jx^rccntage  of  jn'ritc  associated  with  the  blende  of  the  JopHn 
district,  but  there  are  sonic  mines  where  it  runs  so  high  as  to  prevent  the 
production  of  a  marketable  ore  by  ordinary  gravity  concentration. 

The  Missouri  blende  is  commonly  of  the  brown,  resinous  character, 
often  ruby  red,  sometimes  black,  and  rarely  white.  Mineralogically, 
it  is  very  pure,  containing  only  an  insignificant  proportion  of  isomor- 
phous  iron,  but  it  is  high  in  cadmium  as  compared  with  the  blende  of 
other  mining  districts.  The  concentrated  ore  produced  at  the  present 
time  averages  about  58%  zinc.  Its  average  tenor  in  lead  may  be  put 
down  at  0.5  to  1%,  and  in  iron  from  1  to  2%.  It  assays  about  30%  S, 
and 'the  remainder  of  its  composition,  besides  a  little  cadmium,  is  silica. 

The  operating  of  mines  on  leased  land  is  almost  a  universal  practice 
in  the  district.  Under  this  system  the  fee-owner  usually  gives  a  lease 
on  a  large  tract  of  his  land  at  a  royalty  of  from  8  to  15%  of  the  gross 
output  of  mineral,  the  lease  being  made  usually  for  a  period  of  10  years. 
The  lessee  prospects  the  tract  b}^  drilling  or  sinking  shafts,  and  if  mineral 
is  found,  sub-leases  portions  of  the  property,  usually  lots  of  200  ft.  square, 
at  a  royalty  of  15  to  25%  of  the  gross  output  of  mineral.^  In  some  cases 
the  fee-owner  operates  his  own  mines  and  frequently  a  lessee  prefers  to 
work  a  rich  deposit  rather  than  to  sub-lease  it.  This  system  has  had 
at  least  one  good  result,  inasmuch  as  it  has  made  the  district  largely 
free  from  labor  difficulties,  so  many  miners  l)eing  directly  interested  in 
the  operations.  Experience  has  shown  also  that  in  the  long  run  the 
system  is  probably  the  most  economical  under  the  conditions  which 
have  heretofore  existed,  since,  although  a  company  operating  its  own 
property  on  a  large  scale  can  mine  and  mill  most  cheapl}',  lessees  are 
at  an  advantage  in  exploring  for  new  ore-bodies.  The  past  record  of  the 
district  has  been  one  of  constant  exploration  for  new  ore-bodies.  In 
the  la.st  few  years,  when  the  high  price  for  zinc  ore  has  permitted  the 
mining  and  milling  of  the  large  deposits  of  "sheet  ground,"  tiiere  has 

the  zinc  ore  being  stated  in  brackets:  1895,  31,294  (144,487);  1896,  26,927  (153,082); 
1897,  29,578  (177,975);  1898,  26,457  (2.35,123);  1899,  24,100  (256,456);  1900,  28,500 
(242,500);  1901,  .35,000  (258,000);  1902,  31,625  (262,545);  1903,  28,656  (2.34,873); 
1904,  34,.362  (267,240);  1905,  31,679  (252,435);  1906,  .39,189  (278,930).  According  to 
these  figures  the  ratios  are:  1895,  1:4.6;  1896,  1:5.7;  1897,  1:6;  1898,  1:9;  1899,  1:  10.6; 
1900,  1:8.5;  1901,  1:7.4;  1902,  1:8.3;  1903,  1:8;  1904,  1:7.8;  1905,  1:8;  1906,1:7.1. 
The  Joplin  lead  ore,  as  concentrated,  assays  about  77  %  Pb  on  the  average,  the  best 
grades  having  a  tenor  of  about  80%  Pb. 

•These  figures  represent  the  conditions  in  1899-1901.  The  rates  of  royalty  have 
undergone  more  or  less  change.  In  1882,  according  to  F.  L.  Clerc  (Mineral  Resources 
of  the  United  States,  1882),  royalties  of  25%  on  blende  and  50%  on  galena  were  paid 
to  the  land  owner.  In  1892,  according  to  Winslow  (Missouri  Geological  Survey,  report 
on  Lead  and  Zinc,  I,  302),  the  royalties  then  ranged  up  to  those  rates  in  certain  cases, 
but  generally  were  lower.  In  1906  the  royalty  on  blende  was  10  to  15%,  the  average 
being  much  more  nearly  the  latter  figure  than  the  former. 
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\nH'u  ;i  ti'ii'itin  \  i.iwiiiM  t  •■ii-<'iii:iii'>ii  of  prrificrtioH  atul  tin*  romlitrtion 
of  ojHTatiuiLs  1)1)  a  larncr  sralr.  It  u*  jjossiltU*  that  if  tlio  true  <-(»iiilitiorts 
of  the  omirrencc  of  ore  in  the  (li.strift  hatl  Ixvn  rccoKiiizo<l  in  itM  early 
history  a  tlifTen>ut  ami  liottcr  syst<Mn  of  exploitation  nii^ht  havi*  «li'\i'lo|»c«|. 
As  it  wiis,  the  inlu'n>nt  iira\vlia<-lv.s  of  the  sy.st4*iii  wliirh  actually  )Ii'\cIoimm1 
were  ofTset  to  u  larRc  extent  l»y  the  ingenuity  ami  high  intensity  of  ll»e 
nune  <»|xTators,  who  with  cheap  an«l  insimiificaiit  e(|iiipnieiit  siH'rw«le<l 
in  rtMluciun  the  eosl  of  nuning  ami  MiilliiiK  i>er  ton  of  nre  to  fimin's  which 
rompare  favorably  with  the  results  of  work  <»n  the  largest  scale  anywhere 
in  the  I'nited  States.  Mining  for  7.5  c.  |)er  ton,  with  milling  for  2.'>  r., 
an«l  general  ex|>ense  ami  adiuinistratjuii  :it  W)  c.  wen-  l>v  no  means 
uneommon  figures  in  ISDU   llKXi. 

\cw  Jrrsrif.  —  The  great  zinc  iiiincs  ni  thi>  >t;ite  are  Miuatc'l  iti  the 
towns  of  Ogcieiushurgh  and  rraiiklin  I'urnace.  at  Stirling  and  Mine  hills 
respectively,  in  the  valley  of  the  Walkill  Kiver.  a  small  stream,  alMuit  12 
to  15  miles  south  of  the  New  ^ Ork  Stat<>  line  arid  10  niiles  in  a  <lirr'ct  lirje 
and  G()  miles  by  railway  from  New  York  City,  lloth  at  Stirling  Hill 
and  Mine  Hill,  the  former  U'ing  two  miles,  south  20**  west,  fn>n)  the  latter, 
the  orc-lM»dies  occur  as  l)eds  lying  l)etween  strata  «>f  white  limest«me  of 
Cambrian.  Cambro-.Silurian.  or  Arcluean  ago,  which  have  l)een  coutorli-d 
in  a  remarkable  manner.  The  Stirling  Hill  Ih-iI,  or  vein,  as  it  is  commonly 
referred  to.  strikes  .•southwest  f<»r  1  KM)  ft.,  then  curves  around  f«)r  .HH)  ft. 
and  strikes  northejist.  parallel  with  its  own  extension,  for  alK)Ut  47')  ft.. 
until  it  ends.     lioth  parts  of  the  vein  dip  alniut  60°  east. 

The  vein  at  Mine  Hill  pre.'MMits  analogous  but  even  more  c«tmpln:ited 
features.  It  strikes  .'«»uth  'M)°  west  for  alM)Ut  2.'><K)  ft.,  then  U-nds  around 
in  a  sharp  fold  and  strikes  to  the  ciisl  at  an  angle  of  aUtut  '.U)°  with  hs 
<»ther  extension,  and  after  nnining  approximately  (KK)  ft.  pil<-hes  IhIow 
the  surfa<e  at  an  artgle  of  27°  or  2s".  though  it  h;us  U-in  proved  by  lMiriii^> 
and  a  shaft  to  extend  alnuit  2(KK)  ft.  further,  when'  its  depth  U'low  the 
surface  is  alsiut  KKK)  ft.  In  the  westi-rn  vein  the  on*  dips  .x(iutl)e:i>tw:ird 
at  angles  varying  U'tween  .'C  :wid  t)0°:  in  the  e.x'^tern  vein  it  is  nearlv 
vertical. 

The  outcrop  oi  x'wc  Mirimg  liiil  vein  n'sefnl)les  a  h«M)k  in  its  .sha|ir. 
That  of  the  Mine  Hill  vein  n'.««<MJ>bles  a  win*  U-nt  .''har|)ly  in  two  legs  at 
an  angle  of  '.Ull°,  one  leg  lieing  short  but  of  equal  length  to  the  other  if 
its  known  exteiusion  undergn>und  In*  plotted.  In  transverse  secii.uo 
Uuh  <le|iositM  tihow  as  two  veins  dipping  m(»n'  or  h*Hs  in  the  same  din  «- 
tion  and  one  apparently  underlying  the  other,  wherefore  they  arc  frc- 
qtiently  n'ferrrd  to  as  the  "  fnuit  "  and  "back"  veins. 

The  Stirling  Hill  veins  vary  fn»m  -I  to  20  ft.  in  thickness,  thmnghntit 
which  the  zine  minerals  arc  disseminated,  but  not  uniformly.  In  the 
front  vein  the  jiortion  near  the  f(M>t  wall  shows  a  band  richer  in  zinkitc 
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and  willemite  than  tliat  near  the  hanging,  but  it  is  hardly  enough  to  justify 
sjx^aking  of  two  veins,  a  zinkite  vein  and  a  franklinite  vein,  as  has  been 
done.*  Both  are  irregular  and  pinch  because  of  the  coming  in  of  the  foot 
wall.  The  ore-body  is  an  impregnation  of  the  limestone  along  this  hori- 
zon, with  the  "Ore-bearing  minerals  in  a  greater  or  less  degree,  and  with  a 
streak  richer  in  zinc  next  the  hanging.  As  much  as  20  ft.  in  thickness  has 
been  taken  out  up  to  the  limits  where  the  walls  became  too  lean  to  work. 

The  Mine  Hill  vein  is  as  much  as  50  ft.  thick  in  places,  and  even  more 
at  the  bend.  Frank  L.  Nason,  in  a  paper  in  Trans.  Am,  Inst.  Min.  J'^ng., 
February,  1894,  which  goes  extensively  into  the  geology  of  the  deposit, 
considers  that  the  ore-body  is  equivalent  to  a  prism  3500  ft.  long,  800 
ft.  wide,  and  25  ft.  thick. 

The  zinc  ore  of  New  Jersc}'  is  essentially  a  mixture  of  zinkite,  willem- 
ite,  and  franklinite,  forming  a  rock-like  mass  in  appearance  not  unlike 
a  granite,  in  which  the  franklinite  represents  the  quartz,  the  willemite 
the  feldspar,  and  the  zinkite  the  mica.  The  analogy  would  be  more 
exact  if  the  ore  were  compared  to  a  garnetifcrous  syenite,  in  which  the 
greenish  orthoclase  might  stand  for  the  willemite,  black  hornblende  for 
the  franklinite,  and  the  red  garnet  for  the  zinkite,  but  neither  any  granite 
nor  the  imaginary  syenite  would  have  the  distinctly  crystalline  appear- 
ance and  brilliancy  of  the  New  Jersey  zinc  ore.  Besides  the  franklinite, 
willemite,  and  calcite  there  are  small  quantities  of  zinkite,  tephroite, 
garnet,  and  occasionally  other  minerals.  The  average  tenor  of  zinc  in 
the  deposit  at  Mine  Hill  is  21%-  Owing  to  the  low  tenor  in  zinc  and 
the  high  percentages  of  iron  and  manganese  the  ore  was  not  used  exten- 
sively for  the  manufacture  of  spelter  until  recently,  but  was  employed 
chiefly  for  making  zinc  oxide  and  spiegeleisen.  Since  1896  it  has  been 
an  important  source  of  spelter,  the  metal  ])roduced  from  it  being  of  excep- 
tionally high  grade,  because  of  the  freedom  of  the  ore  from  lead,  cad- 
mium, arsenic,  antimony,  etc.  This  has  been  effected  by  the  success 
of  the  Wotlierill  process  of  magnetic  concentration,  which  has  enabled 
a  willemite  concentrate  assaying  48  to  50%  zinc  to  be  produced  from  the 
crude  ore,  this  concentrate  being  of  excellent  grade  as  a  spelter  ore. 

Montana.  —  Nearly  all  of  the  lead-producing  districts  of  this  State 
contain  blende  in  association  with  galena,  and  some  of  them  have  deposits 
of  such  grade  and  magnitude  as  to  be  workable  for  zinc.  Blende  also 
occurs  in  some  of  the  veins  of  Butte,  and  attempts  have  been  made  to 
operate  the  Alice  and  Lexington  for  this  purpose,  but  these  have  not 
yet  proved  commercially  successful. 

>  J.  F.  Kemp,  The  Ore  Deposits  at  Franklin  Furnace  and  Ogdensburgh,  N.  J.,  in 
Trans.  New  York  Academy  of  Science,  XIII,  76  to  98.  Reference  should  be  made  to 
this  paper  for  a  more  complete  knowledge  of  the  highly  interesting  geology  of  these 
New  Jersey  mines. 


<HX  IKKKNCi:   (»!■•    ZINC    i.|{|;    IN     IIIi:    IM!!!"    -ivii<  j;) 

.\»(<i</«i.  - Tlu'   I'oto.si  mine,  rirar  ( Hcott   IVak,  <>ti  lur  ui -t«  ru 
of  Spring  MntiiitaiiLH,  in  Houlhwcstfrn  Ncvjulii.  Uixn  \tcvn  a  Minull  |m»<i 
of  zinc  ore  »inro   I1K)5.     The  ore  orrurM  in  irrrjjiilar  xhooU  in  a  Itetl  of 
liniostniir  aUmt  5  ft.  thick,  the  ore  shfuits  follcfwiun  <Tfvircj<  in  thr  lij:  . 
.stone.     The  ore  mt  far  shi|>|i(*<|  \m\s  Int'ii  earlMuiate.  rontaining  40  t«»  I-   . 
rinr.  hut  .xonie  ore  rttnnini;  'A5%  xinc  un<l  20'  j  Iea<l  hai<  alw»  liocn  xhi(i|ie(I. 

.Vnr  Mtxico.  —  Deixtsits  of  /ine  ore  near  Hanover  in  the  wnithwej«tern 
part  of  thi.s  Territ<»ry  have  l»oen  expl«)it«'(l  to  a  small  extent.  They  oeciir 
in  j?ray  and  wliitc  liine.Htonc  of  I>)wer  ('arlM»niferou.s  age,  or  ohier.  The 
«h'|»osit.s  are  of  two  rla.«v><e.'<,  ealanun(>  ami  Mende,  ati<l  a«'re»plinK  to  \V. 
I'.  HIake  '  an*  rather  uni<p«c  in  some  rc'sjieet.s.  .Appan-ntly  the  <le|Misit.s 
f»f  ealaniine  an<l  blende  have  no  dirert  connection.  The  former  have 
Invn  (piarried  out  from  the  surface  downward  in  irregular  pit.s  and  cave- 
like ex«'avations,  in  some  cjuses  to  a  depth  of  (K)  ft.  or  more,  graduallv 
thinning  out  to  mere  sea m.s.  The  ore  i.s  chiefly  smith.Minite,  often  in  cl«».»*c 
ax-^ociation  with  aggregations  of  small  crystals  of  (piartz.  The  l)est  ore 
as  ship|»ed  a.ssays  \\'^  to  .'iS' ,'  Zn.  Hien<le  also  occurs  in  n>:i.sM*s  in  the 
limestone,  l)Ut  although  they  may  In?  oxidized  siiix^rficially.  the.sc  de|N).««itM 
have  n«»  c<umection  with  those  previoiisly  descril>e«l.  The  Mende  b*  of 
the  <lark.  reddish-hrown  variety,  fn-e  from  arsenic  and  antimony,  !)ut 
commonly  intermingled  with  pyrites;  galena  is  entirely  al)s«Mit. 

The  ma.«ises  of  l»len<le  ore  generally  occur  at  the  contart  of  the  lime- 
stone with  dikes  of  igneous  rocks,  from  which  the  on*  is  .separated  hy  a 
sheet  of  hard,  toiigh  r<»ck,  known  locally  jus  "green  n)ck."  which  coaHi.<<tM 
of  fihrous  amphilxile.  together  with  garrn't  and  prohaMy  epidote,  an«l 
in  places  carries  hematite,  with  Mende  and  pyrite  more  or  Ie.s.s  inter- 
mingled.  The  form  of  the  deiK)sits  of  Mende  i.s  generally  lenticular,  hut 
Ix'ing  mostly,  if  not  in  all  cjuses,  along  the  planes  of  <i»ntact  <»f  intnisive 
dikes,  or  following  the  plane  of  faults,  they  have  such  linear  exten.-ion 
ami  HCfUienee  iuh  to  present  the  general  api>earanco  of  lodes.  Actinolitc 
an<l  garnet  occur  with  the  nuneral  elsewhere  than  near  the  dikes,  and 
Ml.ike  ioiusitlers  them  to  l>c  of  contem|>orane«»us  origin  with  the  ore. 
The  garnet  Ls  of  a  wax-yellow  color,  the  variety  gn).HsuIarite,  and  wimc- 
what  '  '   '  resiiHMis  Mende  in  it.s  ap|)earance. 

Tl  ■  iijiortant  dejiosit.s  of  zinc  ore  in  New  Mexicci  occur  at  Ma^- 

dalena,  where  the  Kelly  and  (Jraphic  mines  are  situated.  These  niirim 
w«n«  oriirin.tlly  o|)ene<i  for  lead  ore  (.s«>e  Section  on  Ix'ad).  .\fter  the  «le- 
|»«».«.it.s  of  U'ad  carlnmate  were  worke«l  out  there  remained  large  lM>di(>s 
of  zinc  carUinatc  and  of  mixed  nulphides.  In  these  mines  ore  ia  found 
at  the  contact  of  ('arlM»nifen»iis  limestone  with  an  underlying  formation 
of  schist;  also  in  the  lime.stono  aUive  the  coritjict.  The  ore-UMJii'?*  are 
of  lenticular  form,  hut  are  very  irregular.  Smie  of  them  arc  large,  indi- 
'  Tran<»    .\m    Iiwt    Mm    Kn«  .  .XXIV.   IS7. 
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vitlual  slopes  25  ft.  wide.  100  ft.  hi.irli.  and  300  to  SOO  ft.  long  having 
been  ojx^iicd.  The  character  and  ^radc  of  the  ore  are  variable.  The 
Gra]>luc  mine  in  IHOG  was  shipping  sulphide  ore  assaying  20  to  25%  zinc 
and  15%  lead,  which  was  sent  to  Coffey ville,  Kan.,  for  the  manufacture 
of  zinc-lead  pigment.  In  the  same  year  the  Kelly  mine  shipped  cala- 
mine assaying  36  to  37%  zinc,  and  sulphide  ore  assaying  30  to  35%  zinc. 
This  ore  was  used  partly  for  oxide  manufacture  and  jtartly  for  spelter. 
Some  of  the  ore  of  this  district  contains  a  little  c()pi)er.  In  point  of  ton- 
nage Magdalena  was  the  second  largest  producer  of  zinc  in  the  Rocky 
Mountain  region  of  the  United  States  in  1906. 

Elsewhere  in  New  Mexico,  especially  in  the  Pecos  River  district,  there 
are  deposits  of  zinc  ore  which  have  not  yet  been  worked  on  any  important 
scale. 

Pennsylvania.  —  Zinc  ore  has  been  mined  at  several  places  in  this 
State,  especially  at  Fricdens ville,  Lehigh  County;  in  Sinking  Valley, 
near  Birmingham  in  Blair  County;  near  Landis ville  in  Lancaster  County; 
on  the  Susquehanna  River  a  few  miles  below  Sunbury  in  Northumber- 
land County,  and  on  Pickering  Creek  a  few  miles  south  of  Phenixville 
in  Chester  County.  Of  these  the  Friedensville  deposits  were  the  most 
important. 

The  Friedensville  mines  are  situated  in  the  Saucon  Valle}',  a  few  miles 
south  of  Bethlehem.  Three  mines,  known  as  the  Ueberoth,  Hartman 
and  Saucon,  were  opened;  they  are  situated  within  half  a  mile  of  each 
other.  The  ore  occurs  in  a  formation  o-f  magnesian  limestone  of  Lower 
Silurian  age,  which  strikes  northeast  and  southwest.  There  are  three 
zones  of  ore,  on  which  the  three  mines  named  were  respectively  opened, 
formed  by  replacement  of  a  part  of  the  limestone,  or  of  parallel  strata 
of  it,  with  connecting  cross-seams.  In  each  mine  the  ore  shoot  pitches 
to  the  southwest.  In  the  Ueberoth  mine  the  limestone  strata  are  much 
disturbed  and  stand  nearly  vertical;  in  the  Hartmann  mine,  distant  about 
half  a  mile  from  the  Ueberoth,  the  strata  are  less  disturbed  and  the  dip 
is  less  steep;  in  the  Saucon  mine,  distant  two  furlongs  from  the  Hart- 
mann, the  regularity  of  the  strata  is  still  more  pronounced  and  their  dip 
more  gentle. 

In  the  Ueberoth  mine  there  were  six  parallel  seams  of  ore  interlam- 
inated  with  limestone  strata  and  connected  by  six  perpendicular  seams. 
At- the  intersections  there  were  found  enlargements  of  the  ore-body, 
some  of  these  bulges  being  20  ft.  thick  and  60  ft.  wide.  These  seams 
were  followed  for  more  than  1000  ft.  on  their  strike  to  a  depth  of  225 
ft.  vertically,  or  250  ft.  on  the  dip,  at  which  depth  the  operation  of  the 
mine  was  discontinued  with  no  sigas  of  failure.  In  the  Hartmann  and 
Saucon  mines  the  ore  shoots  were  more  compact  and  lenticular  in  form. 
That  of  the  Saucon  mine  was  remarkably  regular  in  pitch,  course,  and 
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uiiitli.  It  |iitrlirii  t«>  tlio  soutli  .'kt  .'in  :iriul(>  of  aiMtitt  .'U)",  \v:k.s  iV)  ft.  in 
width  aixl  li.'iil  :i  thick ii('s.h  «if  .'{()  ft.  Tlic  Ilartiiiaiiii  iiiiiii*  wtv*  workctl 
to  a  ilcpth  of  l.'i4)  ft.  Tho  Suucoii  or(>  .shoot  w:u4  followoil  'J/iO  ft.  I>y  the 
|l«  rj«n|Hiiiit  Zim*  Co.,  paining  a  vrrtiral  tirpth  of  I  K)  ft.,  an<l  w:w  fo||oU(<| 
l.'><>  It.  further  l»y  the  li»*hi>;h  '/aw  Co.,  into  \\hi»«-  ipri>iKrt\  it  had  pa-^  .|, 
»  total  depth  of  2(H)  ft.  U'iiiK  reached. 

The  ore  of  the  SaiirotJ  \*alley  w:ls  calatiuiu-  i -^luilliMUUte  and  h«iiij- 
inorphite)  near  the  .surface,  jhanning  to  MiMule  with  depth.  The  oxida- 
tion w:ls  deei»e.sl  in  the  CelKToth  mine  and  U'a.st  in  the  Suueon.  The 
l»Ien<le  \v:is  of  the  cryptocry.stalline  varic'ty,  with  a  coiuhoidal  fractnn* 
and  l>hn.sh  .^^hite  coh>r.  It  was  n'lnarkalily  fnt*  fn»tn  leail,  ars<«nic,  an<i 
antimony,  wheref(»re  a  liij^h  grade  of  .spelter  wjts  made  from  it,  but  it 
wa.s  s«»mewhat  mixed  with  pyrite,  which,  t«p«'ther  with  its  crypt^MTVs- 
talline  character  and  fine  di.s.somination  in  the  dolomite,  cau.sed  it  to  l»e 
(liflicult  t<»  concentrate.  AcconliiiK  to  1\  L.  CUtc.'  ore  sent  to  the  work.s 
a.'<say«Nl  from  '.\'t  to  40'  ,'  Zn.  and  sin«e  he  descriU's  it  :ls  rcMMnltlitm  l»ntken 
limestone,  I  infer  tho.se  lij^ures  n'pn'sent  a  cohU'd  and  .sorte<|  product. 

Trnnesnee.  —  Zine  ore  h:us  U^en  mined  at  .several  places  in  tipper 
IvLst  Tennessee,  where  de|)osits  of  the  mineral  have  l>een  foumi  in  nearly 
every  county  of  the  region,  thouf^h  hut  few  of  them  ap|iear  to  Ih'  of  any 
eeon<»mic  inijxirtance.  The  mines  which  have  principally  \icen  w<irketl 
are  at  Straight  Creek,  at  I^'.nd  .Mine  liend,  antl  in  a  district  extemlinR 
alMiut  20  miles  exstward  fnmi  Ixnoxville,  just  .south  of  the  I{«»lston  Kiver. 
In  the  Holston  Kiver  «listrict,  mas-ses  of  smith-sonitc  were  found  orif^inally 
lyiiiK  on  :i  ja>r>;ed  surface  of  dolomite  «tf  Ixwer  Siltirian  ajie.  aixl  sur- 
niunded  l>y,  or  covere«l  hy,  a  l»ed  of  red  clay.  The  on*  w;ts  of  jjreat  |)urity, 
like  that  (»f  the  Virj^inia  (Ie|)(>sit.s.  which  are  not  a  great  distnnee  awuy, 
and  in  some  resjx'cts  its  occurrence  wjis  similar.  alth«»ugh  where  explolr.  i 
the  <»verlying  Ik'«I  (»f  clay  w'jls  not  .so  «|«'<'|)  nor  luis  the  cornMled  suri.i'  -• 
of  the  limestone  the  pinnacle  structure  of  the  IVrtha  minew.  Calamine 
depo-its  of  this  character  were  worked  :»t  Mossy  Cn'<'k  hy  the  Ivle-*.  .Mixter 
Sc  Heald  .Mine  Co.,  and  tin*  Itertha  MiMir;iI  Co..  .mil  at  New  Market  l»y 
the  Ingalls  Zine  Co. 

Immediately  under  the  surfa<'e  de|>o.-^it.>  oi  carlMinate  «»re  the  doloii  ••• 
carries  Mende  of  a  light  hntwn  color,  occtirring  jus  thin  veinlets  «»r  m-  ii!  ~ 
ramifying  in  nil  tlirections.  The  dolomite  is  greatly  broken  tip.  The 
seams  <»f  ore  are  randy  half  an  inch  wide  and  H-ldom  more  than  .'i  few  f««et 
in  length.  They  apftenr  to  have  U-en  ih'p*»sited  in  joint  planes  and  irreg- 
ular fnirturex  in  the  eoiintry-n>rk.  The  mineral  w  diMtrilmtcd  in  thut 
manner  thniugh  a  thick  stratum  i»f  dolomite:  and  near  the  surface,  at 
le.'ust.  there  were  n(»  systems  «»f  enrichment  which  might  l>e  foll«»we<l  in 
mining  the  ore.  wherefore  the  only  prnrtiral  niethiMl  of  mining  wa:*  to 
•  Mineral  Rpaoumti  of  thr  Cnitcil  SUIm.  INK2.  p  :U'>1 
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break  out  all  the  rock  and  sort  that  in  which  tlie  mineral  was  most  thickly 
disseminated.  Ore  could  be  so  sorted  as  to  assay  8%  Zn,  and  then  could 
be  concentrated  up  to  50%  Zn  by  jigging.  There  was  little  or  no  profit 
in  the  mining  of  this  ore  because  of  its  extremely  low  grade  as  mined. 
Recently  several  shafts  have  been  sunk  in  this  district  to  considerable 
depths  and  it  is  reported  that  these  have  disclosed  shoots  or  "runs" 
of  ore  of  higher  grade,  but  the  mines  have  not  yet  become  productive 
except  in  a  small  way. 

A  mine  was  also  worked  b}^  the  Edes,  ^lixter  &  Heald  Zinc  Co.  at 
Straight  Creek  in  Claiborne  County,  about  three  miles  west  of  Lone  Moun- 
tain Station,  on  the  Knoxville  &  Cumberland  railway.  At  this  place 
there  is  a  limestone  formation.  A  shoot  of  ore  pitching  east  and  partly 
replacing  a  stratum  of  the  limestone  outcropped  on  the  side  of  a  hill  and 
has  been  followed  several  hundred  feet,  changing  from  calamine  to  blende 
with  depth.  The  ore  bulges  and  pinches  in  lenticular  form,  sometimes 
attaining  a  width  of  20  ft.  and  a  height  of  30  ft.,  but  is  generally  of  less 
dimensions.  Near  the  ore-body  caverns  of  irregular  shape  are  frecjuently 
found  in  the  limestone.  The  sulphide  ore  consists  of  small  streaks  or 
lenticles  of  blende  interlaminated  with  limestone.  The  blende  is  of  the 
grayish  brown,  cryptocrystalline  variety.  It  is  quite  free  from  pyrites, 
but  some  galena  is  intermixed  with  it.  In  1905  this  mine  was  reopened 
by  the  Tennessee  Zinc  Co.,  which  erected  a  mill  to  dress  the  low^-grade  ore. 
About  16  miles  west  of  the  Straight  Creek  mine,  within  a  quarter 
of  a  mile  of  the  Powell  River,  is  the  Lead  Mine  Bend  property,  which 
occurs  in  a  similar  limestone  formation,  but  the  beds  there  lie  more  flatly. 
This  mine  was  originally  worked  for  lead,  as  its  name  implies,  and  has 
been  extensively  develoj^ed.  The  mineral  occurs  in  a  channel  made  up 
of  bunches  and  lenticles  of  galena  and  blende  interlaminated  with  lime- 
stone and  following  a  crevice  which  breaks  longitudinally  an  anticlinal 
fold  in  the  limestone.  The  axis  of  the  anticline  dips  8°  east.  The  crevice, 
which  is  nearly  vertical,  shows  a  nearly  continuous  streak  of  ore  for  a 
longitudinal  distance  of  several  hundred  feet  and  a  depth  of  40  ft.;  per- 
haps more.  The  ore  extends  out  into  the  limestone  50  to  100  ft.  on  each 
side  of  the  crevice,  and  the  strata  appear  to  be  mineralized  for  about 
20  ft.  perpendicularly  to  their  dip.  The  mineralization  is  irregular, 
however,  and  generally  a  large  proportion  of  barren  rock  must  be  broken 
to  get  the  ore.  The  blende  is  grayish  brown  and  cryptocrystalline,  free 
from  pyrites,  but  intermixed  with  galena. 

Both  the  Straight  Creek  and  Lead  mines  belonged  to  the  Edes,  Mixter 
&  Heald  Zinc  Co.,  which  closed  them  down  in  1893,  owing  to  inability 
to  operate  them  profitably  under  the  then  existing  conditions.  The 
ore  of  the  Lead  mine,  which  was  the  most  productive,  had  to  be  carted 
20  miles  over  a  rough  road,  or  floated  down  the  Powell  and  Clinch  rivers 
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ill  lUitlMiats  In  Cliiitoii,  for  wliicli  tluTi*  is  ciiuwyh  waUr  nnly  durm;^  a 
short  jn-riotl  «if  tin-  year.  TIh'  on*  \v:ls  foriiicrly  MurltiMl  ai  ('liiit«>ii,  wliiTf 
the  Ivies.  Mixter  iV  Ileahl  /iiu*  Co.  had  a  small  |>laiit,  which  w  now  in 
niiiL><.  Siiu'e  it  wjis  disiuantUMl  siirh  on*  as  h:is  U-eii  proiliir-iMl  in  Ten- 
nessee h:is  l»een  shipjHMl  to  Miu-lters  in  Missouri,  Kaiisxs,  Indiana,  and 
U)  the  lierlha  works  at  I'ulaski.  Va.,  the  hist  reeeivin^  only  caluniine. 

I'tah. — This  State,  like  s«'veral  of  the  other  ininiiifj  states  of  the 
Koeky  Mountains,  iM>ssesses  exteitsive  n'soun-es  of  zinc  on*,  ehiefiy  of  a 
niixeil  character,  which  have  not  yet  IxH'n  develo|)ed  to  any  ini|M»rtant 
degree.  The  Horn  Silver  iniiu'.  at  IVisco.  has  large  l>odies  of  ore.  which 
average  ')  to  S'  j,  IM>.  .{  to  7' ,'  I'e,  '.i't'  ',  Zn.  O.Oti  o/.  .\u  and  7  oz.  Ag.  The 
gangue  is  sili<'ious.  The  gn'at  ore  de|M)sit.s  of  Hinghain  Cation  contain 
considerable  Mende  in  stune  jMirtions.  A  good  deal  of  Mende  occurs 
in  the  t>re  rai.><ed  fnun  the  mines  at  Park  City,  li^ith  at  Frisco  ami  at 
I'ark  City  the  zinc  ore  occurs  in  connection  with  lead  •»re.  Recently 
the.se  mines  have  Ikm-oiuc  commercial  .sources  of  zinc  on*. 

Virginia. — The  zinc  mines  of  this  ."^tate  are  situated  in  the  south- 
east corner  of  Wythe  County.  Four  mines  have  Ix»cn  worked  there, 
namely,  those  of  the  li<'rtha  .Mineral  Co.,  those  of  Manning  tV:  Sipiier 
adjoining  the  liertha  on  the  northc;Lst,  those  of  the  Wythe  I>ead  ami 
Zinc  (\».  at  Austinville.  eight  miles  to  the  .southwest,  and  the  Clark  mine 
at  Alli.sonia.  Mines  have  Ix'cn  ojiene<l  at  Ivanh(H*.  a  little  iK'Vond  .Austin- 
ville, anti  at  other  places  in  the  district,  hut  none  of  these  has  yet  pn»ved 
to  l)e  of  commen'ial  imjjortance.  These  mines  aiv  included  within  an 
area  10  miles  long  in  a  direct  line  l)earing  north  '>')°  east,  on  the  south 
side  of  -New  River,  which  flows  northe:Lstward  in  a  tortuous  course.  The 
greatest  ilistance  of  any  of  the  mines  fnun  the  river  is  a  little  less  than 
two  nulcs.  The  most  im|)ortant  mines  an*  those  of  the  IVrtha  company. 
The  Ik*rtha  mines,  situated  alM>ut  'JO  miles  southwest  of  I'uhtski. 
occurred  in  magnesian  limestone  of  the  I>ower  Silurian  formation,  which 
dipped  U*twe«*n  G°  and  7°  tow.ird  the  river,  ami  carried  the  zinc-l»earing 
strata  Ik'I«)W  the  latter  at  a  depth  of  s<neral  huntlred  feet.  The  outcnip 
of  thus  limestone  was  covered  with  a  heavy  l>e<l  of  clay.  UMieath  which, 
nesting  in  hollows  in  the  limestone,  the  zinc  on*  w:ls  found.  Appan*ntly 
the  outcn»p  it(  the  limestone  had  weathere<l  with  extreme  irn»g\ilarity. 
.so  th:it  if  the  overlying  clay  an<i  ores  wen*  entirely  rcnioveil  there  wouM 
l)e  pres<*nt<*d  ;i  wilderness  of  limestone  pinnacles  of  varying  height.s.  U|> 
to  KK)  ft.  Rarely  the  limest<»ne  showe«l  small  caves  in  the  ft»rm  of  cleft-s 
and  crevices.  The  de|)ositj«  of  zinc  ore  invariably  rested  iigainst  the  siiles 
of  these  pinnacles  and  in  the  hollows  lH'tw«'<*n  them.  S)metinu's  they 
completely  c<»vere<I  a  pinnacle.  parti<ularly  the  lower  ones,  hut  in  gen- 
eral they  eovere«I  them  tmly  partially.  The  ticcunvnce  of  the  «>re  wan 
irregular  ami  fnHjuently  pinnacles  and  the  hollows  Iietween  them  showetl 
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none  at  all.  The  ore  was  smitiisonite  and  hemimorphite,  chiefly  the 
latter,  in  a  clay  gangue.  The  deposits  varied  in  thickness  from  a  few 
inches  up  to  40  ft.,  the  latter  having  been  found  between  chimneys  (pin- 
nacles). On  the  sides  of  the  pinnacles  thicknesses  of  5  to  10  ft.  occurred 
frequently,  but  the  average  was  less  than  5  ft. 

The  ore  consisted  of  hard  and  soft  varieties,  the  former  occurring 
through  the  mass  in  all  sizes  from  small  graias  up  to  blocks  weighing 
several  tons.  Rarely  the  hard  zinc  ore  clung  to  the  limestone  in  sheet 
form.  The  ore-bodies  were  entirely  distinct  from  the  overlying  clay 
and  underlying  limestone.  The  matrix  or  gangue  in  which  the  ore  oc- 
curred was  an  unctuous  clay,  both  hard  and  soft,  the  former  being  known 
as  "  hard  buckfat"  and  the  latter  as  "soft  buckfat."  Tjie  latter  dissolved 
in  water  when  violenth^  agitated;  the  former  was  insoluble,  but  having 
a  fine-grained,  brittle  structure,  like  common  chalk,  and  a  lower  specific 
gravity  than  the  hard  ore,  could  be  separated  by  jigging. 

The  ore  raised  from  the  mines  contained  about  2G%  Zn.  It  was 
dressed  by  sluicing,  which  washed  out  a  good  deal  of  soluble  clay,  and  by 
jigging,  so  as  to  yield  about  33%  of  concentrate,  which  assayed  38.08%  Zn, 
29.37%  SiO,.  9.23%  Fe^Oj  and  AUOg,  4.54%  CaCOg,  2.07%  MgCJOj  and 
8.23%  combined  water.     This  ore  yielded  a  spelter  of  exceptional  purity. 

Blende  was  found  in  irregular  deposits  through  a  depth  of  a  hundred 
feet  or  more  of  the  limestone  underlying  the  calamine,  and  in  following 
the  limestone  on  its  dip  it  was  expected  that  larger  deposits  would  be 
found,  but  prospecting  for  such  has  not  yet  proved  successful. 

The  thickness  of  the  clay  cover  varied  from  10  ft.  to  150  ft.  In  the 
early  days  of  the  mine  the  method  of  working  was  simply  to  remove 
and  waste  this  clay  covering  and  tlien  mine  the  ore  ]:)y  open-cut  methods. 
In  later  years,  owing  to  the  increasing  thickness  of  this  overburden,  under- 
ground methods  of  mining  were  used  exclusively  and  the  open-cut  work 
was  abandoned;  these  underground  methods  consisted  (^f  sinking  shafts 
through  the  clay  and  zinc  ore  to  the  bed-rock  and  then  removing  the 
zinc  ore  by  drifts  and  galleries,  hoisting  the  ore  through  shafts,  and  of 
course  timbering  every  foot  of  the  ground  to  supjiort  the  overburden. 
In  1898  the  zinc  ore  of  the  mine  was  exhausted,  and  suljsecjuent  opera- 
tioas  have  been  confined  to  the  extraction  of  iron  ore  (limonite)  from 
the  clay  overburden. 

WisconsiJi,  Illinois,  and  Iowa.  —  The  area  of  the  Wisconsin-Iowa- 
IllinoLs  mining  region,  which  for  convenience  will  be  referred  to  as  the 
"Wiscoasin  region,"  including  under  that  expression  its  extensions  into 
Iowa  and  Illinois,  embraces  about  2600  square  miles,  its  length  in  an 
east  and  west  direction  being  about  65  miles,  and  its  breadth  north  and 
south  about  55  miles.  About  five-sixths  lie  in  Wisconsin,  and  one-sixth 
covers  the  contiguous  corners  of  Iowa  and  Illinois. 
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1  hf  ;;( '1'  ;;i' .il  lurinalion  roiiiprixcs  samlstnnrs.  liiMiMti»iic.»«.  arnl  hliitlffi 
(if  tlif  Carnltriati  ami  l^twcr  Silurian  hy>triiih,  the  on*  iMMtif;  foiimi  in  the 
(•aU>im  <loloinit<\  2*)()  t4»  27.'>  ft.  thirk,  tlu"  l»liio  liincMitoiio,  ."iO  to  7.')  ft. 
thick,  iiniiirtliatcly  iiti<lrrlyinK.  aiitl  tlic  ImfT  doloiniti*,  15  to  2U  ft.  thick, 
which  next  iiitdrrhr.s  thr  lihic  htncstoiif',  tho  thrc4*  foriiiatioiut  licloiiginf^ 
to  the  liowor  Silurian.  The  (ialena  limestone  in  tlic  nioHt  itn|M)rtant 
ore  carrier. 

(M'oKraphically.  lead  ore.s  are  di.striliuted  over  the  whole  reRiiin,  hut 
es|x»<"ially  in  the  s(»uthern  |N>rtion.  in  the  vicinity  of  (lalena.  III.,  an«l 
I)ul)U(|ue.  la.,  while  zinc  on*  is  more  altundant  in  the  northea.st.  at  and 
near  .Mineral  I'oint.  .Mitiiin,  Linden,  and  I)o(i^(>villc,  where  the  lower  tied.s 
of  the  (»re-l)earinK  hori/on  are  more  ex|K>s<M|.  It  in  a  Kt*'!** rally  oliserved 
nile  in  thi.s  n'^ion  that  the  zinc  ore  o«curs  at  Krr*ater  depth  than  the  lead 
ore,  even  when  l>oth  are  fourxl  in  the  .same  crevice,  and  it  i.s  eon.sidered 
|)os.Hi))le  hy  the  ge«>logi.st.s  who  have  .studied  the  region  that  deejjer  mining 
Would  revj'al  zinc  ore  in  the  soiithern  jMirtiou.  Ii<'sides  the  place.s  nametl 
alM»ve,  l'latt<'ville,  Siiuilshurg,  Ii4'nt»»ii.  IIaz<'l  (Jn'en,  and  l*ot<»>i  are 
im{)ortant  mining  centers. 

The  ore  first  mined  in  the  Wi.scou.siu  re;:ion  w;i.s  found  cliielly  in  re.sid- 
ual  clay.s  near  the  surface,  hut  since  then  it  ha.s  Ix'en  obtained  fn»m 
vertical  crevice«  or  Hat  sheets  in  the  country-n»ck.  The  former  charac- 
terize es|»ecially  the  (lalena  limestone  and  an*  pn«-minently  lead-U>aring. 
They  mri'ly  e\ce<'d  1(H)  ft.  in  depth,  hut  are  often  .several  hundred  f««et 
in  length.  They  sometimes  exist  Jis  fine  seams  filled  .solidly  with  galena, 
and  el.s<'wliere  expand  to  large  caves.  'A)  or  1(H)  ft.  long,  and  jus  nnich  jis 
lU)  ft.  wide.  Flat  she<'ts  are  most  al)undant  in  the  Tn'nt«»n  limestone, 
and  like  the  vertical  crevices  may  l>e  filled  with  .solid  masses  <if  galena 
or  hlende.  hut  m«»re  often  the  mineral  is  int<«rmi\ed  with  a  gangue  of 
eah-ite  and  .sometimes  harite.  .\  m«)di(ication  of  the  tiat  <h'|>osit.s  are 
the  »o-ealle<I  "flats  and  jiitches,"  in  which  on*  extends  downward,  gen- 
erally on  two  sides,  fn>m  a  central  flat  sluM't  in  a  .s<'rii*s  of  ste|is,  which 
are  alternat4'ly  transverse  to  and  parallel  with  the  strata.  The  largest 
mines  are  in  «leposits  of  this  elj»ss.  Sometinu>s  the  country-n»ck  l>etween 
two  .serii's  of  flats  and  pitches  is  wholly  mineraliziMl  with  a  di.s.M>mination 
of  lilende  ami  man-sisite,  afTording  a  large  ImkIv  <»f  low-grade  ore. 

The  z'lur  ores  of  \Vise(»asin  comprise  blende,  smithsonito,  and  hemi- 
morphite.  with  which  are  a.s.soci,'ited  galena  and  its  derivatives,  pyrite, 
n»an-!usite,  chalcopyrite,  cah'ite,  dolomite,  an<l  harite.  The  blende  is 
characteristically  of  a  black  color,  but  is  not  high  in  isoniorphtniM  FeS. 
Calcite  Is   nmre  conumui   than  d«i|omite  and   barite  in   the  :  and 

smithsonite  is  a  giHtil  deal  mon*  common  than  hemimorphite  it  ion 

|)roduct  of  the  blende.  The  utitiKation  of  the  xine  ore  of  WL««eoii.sin  wjis 
creatly   retanl'   '    '  <>mmon   assiM-iation  of  blende   and   mare:isite, 
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which  could  not  readily  be  separated.  The  introduction  of  a  suitable 
process  of  roasting,  converting  the  niarcasite  into  a  magnetic  form,  about 
1904,  enabled  an  economical  separation  of  the  two  minerals  to  be  made 
and  gave  a  great  impetus  to  zinc  mining  in  this  region,  and  since  then  the 
production  has  increased  rapidly. 


\\ 


ZINC  MININC; 

TiiK  zinc  mine  of  the  rnitod  States  whirh  has  tho  Inngrsl  hwtory  w 
that  at  rraiiklii)  Ftiriiaro.  N.  .1.,  roiiunniily  known  i\s  the  Tranklin  ininr. 
The  natnrp  of  this  «»n«  tlf*|«>sit  ami  the  rharafter  of  the  «»rr'  have  In-**!! 
rffernvl  to  in  Chapter  Xl\.  The  mine  w.xs  known  in  pre-Uevohitionary 
tinies,  it  InMnj;  owne«l  hy  Ixnl  Sti'rHnn.  ami  thvw  an*  n*rortls  of  attenipt.s 
to  work  it  as  far  hack  Jis  1771.  hut  these  were  «hre<te<l  t<»war«l  the  treat- 
ment of  the  on*  as  an  iron  ore,  n«>t  as  a  zinc  ore.  However,  as  an  inin 
ore  it  w:ls  of  too  low  ^rade,  and  contained  too  much  /.inc  to  |N>rinit  of 
economical  snieltinp,  and  the  attempts  at  that  were  failures.' 

In  \s:i't,  or  iS.'iS,  Dr.  Fowler,  a  memlier  of  Congress,  who  then  owned 
Mine  Hill,  furnished  some  of  the  n'd  ore  (zinkite)  t<»  .s<tvc  its  a  .stnme  of 
s|«elter  for  making  the  hntss  for  the  (lovcrnment's  standard  weights  and 
meiisures,  whi<h  had  Ikhmi  onlenMJ  l>y  Congress.  The  s|x>ller  wjis  matlc 
at  the  (lovernment  arsenal  at  Washington.  The  pnwe.Hs  was  so  expensive, 
however,  as  to  preclude  any  i«lea  of  pn)ducing  zinc  commercially  in  the 
Hanie  manner.  The  place  fn>m  whi<'h  this  ore  was  taken  is  dill  |Mtinted 
out.  and  ever  since  has  lieen  known,. ns  the  "  Weights  and  .Measures  ()|ien- 
ing."» 

Dr.  Fowler  apjx^ars  to  have  ha<l  definite  ideas  as  to  producing  sjielter 
»»n  a  commercial  scale  fn>m  this  ore.  hut  his  experiments  showeii  it  to 
lie  necessary  t(»  free  the  red  oxi«le  from  the  as.sociated  franklinito.  which 
at  that  time  no  one  was  ahle  to  :iccomplish.  although  the  m.ngnetic  attnict- 
ahility  of  the  franklinite  was  early  nccogniw^d  and  .some  attention  was 
given  to  a  practical  utilization  of  th:»t  pro|wrty.  .Separation  l»y  jigging 
was,  of  cours*',  out  of  the  (piestion  l>ecau.M?  of  the  nearness  <»f  the  two 
minerals  in  s|iecific  gravity. 

'  Arronlinit  to  J.  K.  Wolff  ((V»ntril>«itionn  lo  F^^muuir  r.iH»l«»(r>'.  F  S  (Ic«»l  SiirATy, 
IWrj.  p.  'JHi.  thin  rrlrhmU"*!  omirrrnro  of  «inr  on*  wa*  notio'vi  niHi  |inM|>rrt«>l  «« 
raiiy  n»  1540.  Imt  I^ml  Stirling  diil  (lir  fintt  iiiiiiiti«  in  1774.  .MkhiI  iIim  tiiitr  nrvrnil 
l«»n«  of  m\  line  orr  wrm  (tltipfinl  t«i  IxhkIoii  Tlw  lind  i|i*^ri|>lion«  .iimI  aimiIv***  of 
lhi<«  iiitiM*rnl  wrrr  givon  liy  Dr    linir«'  in  IMCJ.  ni»«l  «>f  fnmkliinif  l>y  li^Tthicr  in  IH|y. 

'  It  i-t  »wii|  lli.it  l»rjivi  wn<  innaii*  fmin  tlir  nil  oxiilr  nf  Mim*  Mill  i|>r  •    ll»«' 

rrnx'niation   j»n«rf«M»   diinni;   tin*  *»}»r  of    ISIJ      In  tin-   rftiH'nintion    |  ii"**" 

wiix  imIwNliliHl  in  «inr  orr  nml  hmt«^l.  n«»  njwUrr  Iwinfi  |in«liin^l  T\\\n  i«  .nn  .imiont 
pn»c»-»H.  |>y  wliirli  Imiwi  »a*  ••tli'iijuvrly  pn-|inn'«l  in  Kiimi"".  Imuj  l»'fon*  the  .irl  ul 
prmlurinK  K|M>llpr  lunl  Im^mi  iImcovptnI. 

27«» 
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The  poculiar  character  of  the  ore  of  Mine  Hill,  and  the  early  ignorance 
as  to  the  precise  nature  of  its  constituents  and  the  in(>tallurgy  of  zinc, 
gave  rise  to  the  most  protracted  antl  one  of  the  most  interesting  mining 
litigations  in  the  history  of  the  United  States.  At  the  expense  of  antici- 
pating some  of  the  important  developments  in  the  American  zinc  industry, 
it  will  be  most  useful  to  follow  the  records  of  this  matter  to  their  con- 
clusion. 

In  1848  the  Sussex  Zinc  and  Copper  Mining  and  Manufacturing  Co. 
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was  organized  to  develop  and  utilize  certain  ores  of  Mine  Hill,  and  on 
March  10  of  that  year  Col.  Samuel  Fowler  and  his  wife,  to  whom  the  prop- 
erty had  descended,  deeded  to  that  company  for  20,000  shares  of  its  stock, 
"all  the  zinc,  copper,  lead,  silver,  and  gold  ores,  and  also  all  other  metals 
and  ores  containing  metals  (excepting  the  metal  or  ore  called  franklinite, 
and  iron  ore  when  it  exists  separate  and  distinct  from  the  zinc) "  on  Mine 
Hill  farm.  On  the  same  day  Fowler  deeded  to  the  same  company  "  all 
the  metal,  mineral,  or  iron  ore,  usually  designated  and  known  by  the 
name  of  franklinite,"  within  the  lines  of  a  certain  parallelogram  on  Mine 
Hill  (see  map),  the  area  covered  by  this  second  deed  being  included  within 
the  limits  covered  by  the  former  deed.     The  zinc  deed  as  first  drawn 


cxroptoci  fraiiklimto  when  i\;.  liu;;  MparaU-  ami  ili>timt  InuM  llie  "oilur 
on*}*";  hut  U'fnn*  himiiu^,  "otluT  nrt'.s"  wim  itjimmI  iin«l  tin*  wnnln  "  ihi" 
zinc"  iiuHcrtcd.  The  wonliiiK  of  thw  tlecd  ga\'o  rino  to  the  Utigation 
which  follownl. 

lisploratioiw  ina<lc  l»y  thr  Sussex  roinpaiiy,  iniiDcdiatcly  unori  ohiuin- 
iiig  its  (U>c(i.  (Icmoiist  rated  no  onurn'tirc  of  zinc  ore  on  .Mine  Hill,  except 
at  the  Weights  and  Measun'S  o[H'iiiiiK  and  at  the  rn»K«*inK  «if  the  Ilani- 
l>urK  road.  Atteujpls  were  made  to  work  the  on*  from  these  two  o|»en- 
inp(  for  metallic  zinc,  hut  resulted  in  failure,  lx;causc  of  the  presence  of 
the  franklinite.  The  failun'  to  find  extensive  su|)plies  of  zinc  ore  pnttnptMl 
the  penions  interested  to  form,  in  1M'.»,  the  New  Jersey  I-Apjorinu  and 
Mining  Co.,  which  ac<juire«l  the  n<»rthern  half  of  Stirling  Mill,  where  the 
supply  of  red  oxide  was  ahundant.  This  coni|)any  continue<l  the  efTorts 
«»f  its  predecessor  to  s<'parate  the  franklinite  an<l  pntduce  zinc,  and  erected 
at  Newark,  on  the  site  of  the  present  works,  a  large  furnace,  which  wa-s 
intended  to  smelt  the  ore  after  removal  of  the  franklinite  l»y  means  of  a 
magnetic  separator.  This  attempt  also  failed,  hut  in  connection  with 
the  cx|)eriments  it  wjm  found  that  zinc  o.xidc  could  Iw  made  from  the 
ore.  The  then  n'cent  disco vi'rics  of  S»rcl  and  I>«'('laire  in  France,  in 
sul>stitution  of  zinc  white  for  white  lead.  iiiMiri'd  a  sale  f<>r  the  new  })ri»duct 
a.H  a  paint  material. 

At  alnttit  this  time  an  ;irrangement  was  etTect<'d  to  con.'^olidate  the 
Su.ssex  company  an<l  the  .New  Jersey  company,  ancl,  .Mandi  s,  ls.')J.  the 
latter  company  .secured  from  the  fornjer  title  to  "all  the  zinc  and  other 
ores.  exc«'pt  franklinite  and  inm  ores."  on  .Mine  Hill;  the  chance  in  wonling 
from  the  <leed  of  1S|.S  U'ing  introduced  to  avoid  fiittirc  misunderstanding 
as  to  the  intended  reservation  in  the  Kowlcr  decti,  the  object  being  to 
convey  t«»  the  .New  Jersey  company  all  that  the  Sus.scx  company  had 
ac(|uircil  fnun  Towler. 

The  New  Jcr?«ey  conipany,  thus  reorganizx'd,  made  extensi\-e  improve- 
ments, and  a  n*iw»rt  pul)lished  in  ls'»J  dehncs  its  holdings  of  pn»pi'rty 
and  ore  veins.  Further  efforts  to  utili/<'  its  franklinite  in  the  manufacture 
of  iron  were  urged,  and  it  wax  suggeste<l  that,  inaj«much  as  it  containcMl 
2K,'  <»f  zinc,  the  oxide  then'from  micht  l»e  made  to  pay  most  of  (he  cost 
of  smelting.     TIiLh  re|x)rt  attracted  the  ilesiriMl  cn|)ital. 

On  Dec.  13,  1H50,  Col.  Samuel  Fowler  <lee<letl  to  the  tnistccn  of  the 
Franklinite  Mining  Co.  all  the  n'.«*ervetl  in»n  ore  called  franklinite,  with 
all  other  n»served  ores  and  metals  on  .Mine  Hill  farm  not  cf»nveyed  to 
the  Sussex  company  by  the  deed  of  .March  10.  IMS.  In  1853  the  Swiwex 
company,  having  fM»ld  its  holdings  to  the  New  Jer>ey  < . 
:i?«  act  of  the  .*»tate  legislature,  changing  its  name  to  the  .N' 
liiiite  Co  .  with  authority  to  incrraM  itii  capital  stock;  and,  on  Feb.  26, 
1H53.  the   tnintccA  of  the   Franklinite   Mining  <  ;,.(1   to  it  all  the 
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fraiikliiiitc  and  other  reserved  minerals  secured  from  Samuel  Fowler 
and  wife  on  the  southerly  side  of  the  east  and  west  line  on  Mine  Hill 
farm  (sec  maj^). 

The  Franklinite  company  acquired  the  magnetic  vein  and  the  Frank- 
lin furnace,  and  exix'nded  larije  suius  in  trying  to  prodvice  iron  from 
franklinite.  no  olijection  and  no  claim  to  the  ore  being  made  by  the  New 
Jersey  company.  A  report  of  the  latter  company  in  1853  mentions 
experiments  made  to  utilize  its  franklinite,  stated  to  be  over  1,000,000 
tons  in  Stirling  iind  Franklin  hills,  the  exj)ense  of  transportation  being 
given  as  the  chief  obstacle  to  utilization.  Mention  is  also  made  of  "an- 
other company  owning  a  portion  of  the  franklinite  on  Franklin  or  Mine 
Hill,"  which,  it  was  hoped,  will  improve  communication,  enabling  the 
Xew  Jersey  company  to  market  its  franklinite.  The  New  Jersey  com- 
pany, at  about  this  time,  also  contracted  to  furnish  100,000  tons  of  frank- 
linite to  Edwin  Post,  at  Stanhope,  N.  J.  This  sale  was  made  in  the 
knowledge  that  the  zinc  was  to  be  collected  from  the  escaping  gases  of 
the  iron  furnace;  however,  this  proposed  utilization  proved  a  failure. 

The  Franklinite  company  undertook  to  apply  the  same  process,  and 
erected  a  costly  plant  at  Franklin  Furnace,  but  failed,  and  in  1854  adopted 
the  process  used  by  the  New  Jersey  company.  The  Franklinite  company 
took  ore  from  Mine  Hill  and  so  worked  it  without  objection  from  the 
New  Jersey  company.  However,  the  technical  results  were  not  entirely 
satisfactory,  because  at  that  time  the  extraction  of  zinc  from  the  frank- 
linite, and  the  willemite  associated  with  it,  was  not  well  understood. 
Consequently  the  Franklinite  company  sought  ores  on  Mine  Hill  con- 
taining the  highest  percentage  of  red  oxide  of  zinc  it  could  find.  To 
this  no  objection  was  raised  until  the  southwest  opening  was  made  in 
the  franklinite  vein  (see  map),  where  one  layer  in  the  vein  contained  15 
to  20%  of  red  oxide,  and  the  New  Jersey  company  claimed  it  as  zinc  ore. 
Suit  for  injunction  was  entered  in  1857,  the  New  Jersey  company  claim- 
ing it  as  zinc  ore,  and  the  Franklinite  company  claiming  it  as  franklinite 
ore.  The  Franklinite  company,  which  was  previously  in  an  unsatis- 
factory financial  condition,  could  not  stand  the  strain,  and  was  sold  out 
by  the  sheriff,  being  succeeded  by  the  Boston  Franklinite  Co.,  which 
continued  the  contest  on  the  same  lines. 

The  case  was  tried  before  Chancellor  Green,  who  decided  that  the 
intention  of  the  parties  making  the  original  transfer  must  be  considered 
in  the  light  of  the  knowledge  existing  at  the  time.  In  that  light,  the 
"zinc  ores"  meant  those  veins  in  which  red  oxide  of  zinc  predominated, 
and  "franklinite"  those  in  which  the  latter  mineral  predominated.  He 
therefore  decided  that  the  ore  in  question  was  franklinite  in  the  original 
deed,  and  dismissed  the  case  with  costs.  It  was  appealed  to  the  State 
Court  of  Errors  and  Appeals,  of  which  the  decision,  in  1862,  ruled  the 
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I'ranklinitr  rotnpany  witliniii  titir  :itul  lu'M  the  Nrw  .Irrs**)-  7Aw  (Vi. 
eutitU'tl  to  all  tin*  /inr  on-s  inixoil  inrrliutiicaJly  with  fnitikliiutc;  and 
hi'hl  that  tho  vein  in  cli.spiitr  p:LH.so(l  iiiKJcr  the  name  of  zinr. 

The  llo.xton  Franklinite  Co.  <|nlrkly  .MurrinnJMMl,  cfforLs  to  utilize 
franklinite  for  in»n  cejuHed.  and  the  New  Jers<'y  coinpany  U'ranie  the 
owner  at  law  of  the  franklinite  vein  on  the  sonthern  half  of  Mine  Hill. 
Oakis  Ames,  of  Itoston,  l»y  fore<lo.sMn!  «»f  a  $.')(),(MM)  mortfjaj;«'  again-t 
the  li«)ston  Franklinite  Co.,  eamc  into  |M>.'<>4(>K>iion  of  it.n  a.>vs(>t.s.  .Mom-^ 
Taylor,  of  New  Jersey,  hud  previou.sly  actpiired  the  Franklin  furnace 
and  the  vein  <»f  maj;netite.  He  pur(•h:u<^<•«|  from  Oakes  Ames  the  projierty 
<»f  the  lt«i.ston  Franklinite  Co.,  an<l  in  1N7I  hrouuht  .xuit  in  the  Fnited 
States  C'in-uit  Court  for  an  injunction  against  the  New  Jersey  Zinr  Co. 
The  de<*i.'iion  prartically  n'versed  the  decision  of  the  New  Jersc-y  Court 
of  Frrors  and  Appeals  and  n*a(lirnuMl  that  of  the  Chancellor,  confirming 
Taylor's  riuht  to  this  vein  as  Ikmu^  the  ore  excepted  in  the  Fowler  dee<l 
of  IH4S.  It  w:us  esjiecially  im|)ortant  as  rulinn  <»ut  of  lejjal  roiLsi<leration 
all  discoveries  made  sul).se(juent  to  iSlS,  enhancing  the  value  of  frank- 
linite as  zinc  ore. 

In  order  to  ap[)eal  tlie  case  to  the  Fnited  States  .'<ii|>ntiir  «  <>iiri.  it 
w:is  necessary  f«»r  the  .New  Jersey  Zinc  Co.  to  furnish  U'twc*-!!  $I.(KK»,(MH) 
and  $'-'.()()(),()<)()  .security,  and  in  ciisc  the  apfieal  went  apaiiLst  it  its  only 
pn»|«erty  w«)tild  l)e  a  nearly  exhausted  mine  at  .Stirling  Hill  and  its  works 
at  Newark,  which  t4»j;ether  were  nctt  worth  the  nMjuired  .«<ecurity.  When, 
theref«)re.  .Mr.  Taylor  ofTered  terms  of  .settlement,  in  ISS().  the  company 
accepte<l  them.  Its  capital  stock  of  $1,')(K).(MK)  wjis  dotiMod;  Moses 
Taylor  contrihuted  $1()().(KK)  c:Lsh,  receivinj;  one-half  the  t4»tal  stock, 
and  purcluise«l  a  few  shares  extra  for  control.  The  name  of  the  nwir- 
ganized  company  l)ecame  the  .New  Jersey  Zinc  and  In>n  Co..  atnl  its  pn»|>- 
erty  etnhraced  lK»th  zinc  and  franklinite  on  Stirling  Hill;  on  .Mine  Hill, 
)M)th  zitic  and  franklinite  within  the  parallelogram  and  south  of  the  east 
and  west  line;  an<l  on  the  remainder  of  the  tract,  the  zinc  an»l  all  the  other 
ores,  "excepting  franklinite  ;ind  in>n  <»rc  when  it  exLsts  .seiKirate  fnun 
zinc." 

The  excepte<I  jvirtion  oi  tm  (r;nihiinite  NTJn  had  \x^n  lerL^rd  l>v  the 
tnisteo  to  various  companies,  and  l>etwc*en  iK'iO  and  lS(i()  aUuit  I()0<) 
torts  ha<l  l)oen  mined  and  used  in  efforts  to  utilize  it  for  iron.  After  the 
Taylor  decision  in  1S77,  the  surviving  tnistee  Icjised  ."MK)  ft.  lying  north 
of  the  e:ist  and  west  line,  to  Chits.  W.  Tn»tter.  who  en'cted  an  oxide  plant 
at  Klizalieth;  but  on  the  <lest ruction  i»f  his  plant  hy  firp.  he  sought  to 
sell  the  ore.  and  some  w.is  disfM»se<I  of  to  the  I^^high  Zinc  Co..  who.se  minos 
at   Friedeivsville.   IVnn..  had  Iteen  fl«M>de«l. 

As  soon  as  Trotter  Itcgan  mining,  the  New  Jersey  Zinc  and  Iron  Co. 
brought   suit    to  eject   him,   and  obtainc<l    an   injtinciion;   but  Tmttcr 
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removed  the  suit  to  tlie  I'liited  States  Circuit  Court,  where  the  injunction 
was  ihssolvetl,  anil  in  1S7S  the  suit  was  disniissccl  for  want  of  })r()secution. 
Meanwhile,  after  tiie  Taylor  decision  and  before  settlement,  the  New 
Jersey  Zinc  and  Iron  Co.  began  to  use  the  formerly  rejected  franklinite 
upon  its  own  pro])erty  within  the  j)arallelogram,  mining  extensively 
from  the  Ding  Dong  and  ojwnings  north  of  it.  In  these  operations  the 
lines  of  the  parallelogram  were  crossed,  and  the  $100,000  contributed 
by  Taylor  were  set  asitle  to  cover  damages  arising  from  the  trespass. 

In  1879  Trotter  leased  the  remainder  of  the  franklinite  vein  as  far 
as  the  Hamburg  road,  antl  an  error  having  been  discovered  in  the  survey 
of  the  parallelogram,  Trotter  brought  suit  in  trespass  against  the  New 
Jersey  Zinc  and  Iron  Co.,  claiming  the  vein  to  its  northern  extremity 
on  Mine  Hill  Farm,  and  got  judgment  for  $3000.  He  also  entered  suit 
for  an  accounting  of  ore  mined  since  the  previous  suit,  secured  judgment 
and  received  $26,000  from  the  Taylor  fund,  the  trustee  of  the  property 
also  receiving  $11,000  as  his  share  in  the  mine. 

In  1881  August  Heckscher,  acting  for  the  Lehigh  Zinc  and  Iron  Co., 
contracted  with  Trotter  for  12,000  tons  of  franklinite  annually  and  the 
company  purchased  the  works  of  the  Lehigh  Zinc  Co.  at  Bethlehem; 
certain  improvements  enabled  it  to  produce  oxide  equal  to  that  from 
the  east  vein  ore. 

In  November,  1882,  the  New  Jersey  Zinc  and  Iron  Co.  brought  suit 
to  re-form  the  boundaries  of  the  parallelogram,  and  after  trial,  iron  pieces 
were  set  to  mark  the  southern  boundary  where  it  crosses  the  vein,  the 
settlement  permitting  Trotter  to  mine  up  to  these  pins,  south  of  which 
the  New  Jersey  Zinc  and  Iron  Co  admitted  it  had  no  proj^erty  rights. 
Shortly  after  this  definition  (March  18,  1883),  Mr.  Heckscher  purchased 
for  the  Lehigh  Zinc  and  Iron  Co.  the  rights  of  the  lessor  to  the  west  vein 
of  franklinite,  between  the  cast  and  west  lines;  for  after  this  definition, 
ratified  by  the  payment  of  nearly  $40,000  for  franklinite  removed  from 
the  vein,  it  was  believed  that  no  serious  claim  would  ever  be  made  on 
the  side  of  the  zinc  title.  Trotter  had  continued  to  mine  and  furnish 
ore  to  the  Lehigh  Zinc  and  Iron  Co.,  Ltd.,  and  its  successor,  the  Lehigh 
Zinc  and  Iron  Co.,  until  1887,  when  it  purchased  the  lease  and  became 
owner  of  the  westerly  vein  of  franklinite  and  all  its  extensions  upon  the 
northerly  half  of  Mine  Hill. 

In  1889  the  New  Jersey  Zinc  and  Iron  Co.  brought  suit  against  the 
Lehigh  company  in  the  New  Jersey  Supreme  court  for  300  tons  of  zinc 
ore  alleged  to  have  been  removed  from  the  zinc  vein  belonging  to  it  under 
the  zinc  deed  of  1848.  The  suit  was  brought  for  300  tons  so  as  to  keep 
the  sum  involved  under  $2000  and  thus  prevent  its  removal  to  the  United 
States  Courts,  where  Judge  Nixon's  decision  had  declared  the  ore  to  be 
franklinite.     After  a  decision  in  the  lower  court,  the  Court  of  Errojs 
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ami  ApiH'als  practically  rcix-alcM  .Iiul^r  Nixon's  derision  in  the  I'nited 
States  ("«»urt,  sustainiu);  the  Ix'hij^h  company. 

The  New  Jeixey  '/aw  and  Iron  Co.  a^ain  brought  action  for  IHH)  toas 
of  ort\  which  it  linally  al)andoned  for  a  suit  of  ejectment  from  the  mine. 
This  suit  was  tried  at  Newton,  .N.  .1..  in  .May,  IS'.M,  U-fore  a  struck  jury. 
After  j\  trial  lasting  a  niontii,  the  jury  disagreed,  and  in  .May,  ls«>.'),  the 
ca.se  was  rt'-tried  Ix'fore  the  same  jud^e  and  another  stnick  jury.  After 
a  month,  durinj;  which  the  ca.se  was  even  more  elaborately  pn'sented, 
the  verdict  was  piven  in  favor  of  the  Ix'hinh  company,  practically  estab- 
lishiufjj  the  fact  that  the  ore  was  known  as  franklinite  and  not  as  zinc 
ore  in  IS-IS.  This  was  the  first  time  in  the  history  of  the  litigation,  ex- 
tending from  lSo7  to  IS!)."),  when  the  merits  were  passc<l  ujjon  by  a 
jury. 

The  ca.se  was  a^ain  carried  up  to  the  Court  of  lOrrors  and  /\pix»als, 
which  in  1S()6  confirmed  the  judgment  of  the  lower  court  in  favor  of  the 
Ix'high  company.  All  parties  to  the  litigation  were  now  thorotighly  tired 
of  it  and  when  a  proiwtsition  was  made  to  amalgamate  the  conflicting 
interests  anti  bring  in  the  I'a.ssaic  Zinc  Co.,  which  was  the  only  other 
imi^ortant  mamifacturer  of  zinc  oxide  in  the  I'nited  States,  the  plan 
met  with  ready  ac<eptance.  Consetpiently,  the  New  Jersey  Zinc  Co. 
w:is  organized  in  1S9G.  taking  over  the  mines  and  works  of  the  three 
companies  and  absorbing  important  interests  in  certain  subsidiary  com- 
panies. The  subsequent  history  of  this  great  company  is  related  in  a 
following  chapter. 

lint  while  the  Franklin  and  Stirling  Hill  mines  were  the  first  workerl 
for  zinc  in  the  United  States,  the  mines  at  Friedensville,  I'enn.,  were 
the  first  to  l>e  worked  for  zinc  ore  as  a  source  of  sjx'ltor.  The  first  di.s- 
covery  at  Friedensville  was  made  in  1X4').'  and  mining  (»n  an  extensive 
scale  was  l)egun  in  1S.'):J  by  the  I'ennsylvania  A:  Ix-high  Zinc  Co.,  which 
at  the  same  time  erected  smelting  furnaces  ami  a  zinc  oxide  plant  at 
liethlehem,  I'enn.,  a  few  miles  distant  fntm  the  mines.'  The  metallur- 
gical treatment  of  the  ore  gave  much  trouble,  and  consequently  the  de- 
velopment of  the  mines  wjis  retarded.  I'^jx'cially  wius  there  difficulty 
in  producing  sjx'lter,  the  iron  and  lime  contents  of  the  ore  making  it 
unmanageable.  .Many  metallurgists  undertook  the  problem  and  failed, 
i>r  met  only  with  indifTerent  success.  However,  alxiut  IKtil  the  art  of 
successful  smelting  W!ls  learned  jind  ofx^iations  weiv  then  l)egun  on  an 
imjx)rtant  scale.  I'rom  IStil  to  isTti  the  mines  wen>  extensively  exi)loited. 
<'hiefly  by  the  Ix?high  Zinc  Co.  \'p  to  the  end  of  1S7G  the  l'el>eroth 
mine,  the  most  im|K)rtant  of  the  three,  is  said  to  have  produced  ,'J(K).(MH) 

'  !I.  S   Drinker,  Tmn.H.  Am.  Inst.  Min.  Eng.,  I,  67. 

^  J.  I)   Whitney,  Metallic  Wealth  of  the  United  States,  e«liti.)n  <.f  ls.it.  p  .{.>l. 


2S6  LEAD   AND   ZINC   IN   THE  UNITED   STATES 

tons  of  ore'  The  ore  came  close  to  the  surface  and  a  rich  pocket  was 
fouml  in  the  chiy  above  and  around  hniestone  boulders,  which  is  esti- 
mated to  have  |)roduced  100.000  tons  of  ore.  When  this  body  of  ore 
was  exhausted,  the  ore  was  followed  downward  in  crevices  between  the 
boulders.  These  crevices  were  formed  in  i)lancs  parallel  to  the  bedding 
of  the  limestone,  or  in  ])lanes  j)erpendicular  to  it,  and  preserved  great 
regularity  in  position.  They  were  nearly  vertical,  and  at  the  depth 
of  225  ft.,  to  which  the  mine  was  worked,  they  showed  no  signs  of  i^etering 
out.  As  depth  was  gained  the  ore  changed  from  calamine  to  blende. 
All  of  the  mines  of  Friedensville  were  worked  as  open  pits;  the  great  pit 
of  the  Ueberoth  mine,  now  partly  filled  with  water,  is  impressive  in  its 
size. 

The  greatest  difficulty  in  the  operation  of  these  mines  was  the  strong 
influx  of  subterranean  water.  Even  at  the  depth  of  46  ft.  in  the  Ueberoth 
mine  the  flow  was  already  large.  At  the  depth  of  150  ft.  it  was  found 
necessary  to  put  in  what  was  then  the  largest  pumping  engine  in  the 
world.  This  engine,  which  was  known  as  "The  President,"  was  a  single 
cylinder,  double-acting,  condensing,  walking-beam  engine,  with  a  pair 
of  fly-wheels.  The  cylinder  was  110  in.  in  diameter.  The  stroke  was 
10  ft.  It  was  designed  to  operate  four  30-inch  plunger  pumps  and  four 
30-inch  lift  pumps,  with  10  ft.  stroke,  and  to  take  water  from  a  depth 
of  300  ft.  At  the  time  it  was  stopped  it  was  running  from  six  to  seven 
strokes  per  minute,  was  working  three  pairs  of  30-inch  pumps,  and  one 
pair  of  22-inch,  and  was  easily  handling  all  the  water  that  came  to  them.* 

However,  the  high  cost  of  mining,  due  largely  to  the  great  expense 
of  pumping  the  water,  was  the  prime  cause  for  the  suspension  of  opera- 
tions in  1876.  At  that  time  the  influx  of  water  into  the  mine  was  as 
great  as  20,000  gal.  per  minute,  and  the  cost  of  pumping  was  about  $4 
per  ton  of  ore  produced.^  The  Lehigh  works  were  able  to  obtain  a  supply 
of  cheaper  ore  from  New  Jersey;  hence  the  abandonment  of  the  Ueberoth 
mine. 

The  Hartmann  mine,  distant  about  a  quarter  of  a  mile  from  the  Uebe- 
roth, did  not  have  so  much  water  as  the  latter,  and  was  operated  for  a 
year  after  the  large  engine  was  stopped.  The  Saucon,  or  Correll,  mine, 
about  a  quarter  of  a  mile  south  of  the  Hartmann,  was  worked  for  several 
years  later.  This  property  was  originally  leased  to  the  Passaic'  Zinc 
Co.,  by  which  it  was  sublet  to  the  Lehigh  Zinc  Co.  When  the  rich  deposit 
of  calamine  first  discovered  was  apparently  exhausted,  the  sub-lease 
was  surrendered.  In  1875  the  original  lease  passsed  to  the  Bergenpoint 
Zinc  Co.,  which  opened  a  body  of  sulphide  ore  and  followed  it  downward 

'  F.  L.  Clerc,  Mineral  Resources  of  the  United  States,  1882,  p.  362, 

^  F.  L.  Clerc,  loc.  cit. 

^  Engineering  and  Mining  Journal,  July  18,  1876. 
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utilil  it  <li|i|Kil  mto  tho  pn»|»<Tty  of  tlir  I>«'lii;;h  /ahv  (  <».  oii  tho  wo.hI.  In 
IST'.I  all  tlir  pmixTty  «»f  tin*  l^clii^li  Zinc  (V».  wim  f<»ri'c|oMM|  l»y  it«  lM»nr|- 
hoMers,  aii«l  in  IKM)  the  miiios  |)a.H.s(>(l  int^i  tlir  haiidM  of  the  iVT^onpoint 
Ziiu"  ( o.  The  hittrr  coinpaiiy  had  a  «ln'ssiiij;  works,  stin-ltrry,  ami  oxii|j» 
plant  at  the  SaiH'on  tnini".  and  also  had  a  .snirltiTy  at  IkTKrn|¥»int,  N.  J. 
The  ore  of  FriedeiuHvillc  wjus  riMnarkahle  for  it.s  fn*e<lotn  fnun  lea«l,  nrwnic, 
and  «»tlu'r  impurities  that  afTrct  injuriously  the  (piality  of  the  sju'lter, 
and  the  latter  had  a  ^n'at  fame  as  metal  of  the  most  su|ierior  quality. 
The  I'eU'nJth  mine  wius  re-ojiened  by  the  li<•r^er^I«tint  Zinc  Co.  iti  \ss:\, 
hut  it  was  ni)t  <»|K'rated  Ion}:,  the  entire  business  of  the  company  Ikmuk 
Wound  up  in  issti.  when  its  smrltiiiK  works  w(>n>  closed.  The  l'rie«h'iu<- 
ville  Zin<*  Co.  erected  a  small  smeltery  at  the  I'eU'roth  rninc  in  ISSS,  and 
toward  the  end  of  that  year  In'^an  makin;:  *'  licruenixiint  "  s|>elt<'r.  The 
leU'roth  mine  was  reo|H'ne<l  in  IS'.H).  The  o|KTation  wjis,  howpver, 
very  brief.  I  had  occasion  to  visit  the  mines  in  the  sununer  of  IKJM, 
at  wliich  time  all  wen*  itjle  and  the  smeltery  aln-ady  in  ruins.  No  mining 
has  Ihhmj  done  at  I'riedensville  since  that  time.  In  iMMi  the  Sau<on 
mine  reverted  to  the  heirs  of  the  original  owner,  .Iac<»l)  Corn-ll.  of  IVth- 
leheni.  Sul)sc(|uently.  the  other  miries  of  the  <listrict  wvw  purcha.s<'d 
liy  the  New  .Icrsey  Zinc  Co.  Since  then  there  has  JH'erj  no  furtlu*r  chanj:e 
in  the  ownership. 

I'nfortunately,  there  are  no  reliable  statistics  :i.s  to  the  production 
oi  zinc  in  the  Initi'tl  States  previous  to  lS7.'i.  In  that  year  the  total 
output  w:u<  7'M'A  ton.s,  which  wjis  somewhat  less  than  the  total  roiLsumj)- 
tion.  Kven  .so  late  :is  that  in  the  history  of  the  industry  the  pntduction 
of  New  Jersey  and  Teiuisylvania  wjus  comparatively  in.>«imuficattt.  It 
is  to  l>e  remarked,  moreover,  that  the  statistics  for  ls7.S  included  the 
«»utput  of  two  works  in  Illin«»is,  which  wore  n^ducin^  on*  fn>m  Wisconsin 
and  were  U'^imiinj;  to  n'ceive  a  little  fnun  the  .loplin  district. 

It  cannot  l»e  said  definitely  when  /.inc  ore  wjus  first  identified  in  Wis- 
consin. Probably  it  was  known  from  the  U'^rinninn  of  lead  mining  there. 
U<  .iM.so  the  lea«l  and  zinc  ores  occurred  in  intimate  a.s.sociatiiui,  but  for 
many  years  there  wa-s  no  market  for  the  zinc  ore.  M  .some  time  lietween 
\K'A)  and  IMM),  (leonri.  an  <»ld  Silesian  smelter,  is  said  to  have  built  a  zinc 
works  in  Wi.sct)n.sin,  but  his  undertaking  was  unsticcessful.  P«»ssibly 
there  were  other  attcmfits  of  the  same  character;  if  »o  they  were  equally 
ful.  Certainly  there  wjus  no  market  for  the  zinc  ore  of  WLh- 
Miil  Matthie.s.sen  Sc  Ilejjeler  Imilt  their  plant  at  Ln-^alle,  III.,  in 
|s<i<).  The  cirrtiinstnnees  umler  which  they  wtahli.she*!  thenwel\Tfl  at  that 
|»<»int  are  t«»ld  in  the  chapter  on  smeliinji.  ,\  little  later,  the  Illinois 
Zinc  C<i.  erectetl  a  plant  at  Peru,  which  adjoias  L'usalle.  Fn»m  1*^t'i<l 
to  a))out  1S73  thettc  smeltors  dcriwd  their  entire  ore  supply  frtim  Ww- 
coaHin,  hut  the  htisineiw  wan  done  on  a  \Try  small  scale,  and  the  zinc  pro- 
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chictien  of  tlu>  Wi'st  dill  not  bc^in  to  cx])aiul  lariioly  until  the  mines  of 
the  Joplin  district  of  Missouri  sent  forwtird  hirue  supplies  of  ore.  The 
failure  of  the  ininei-s  of  Wisconsin  to  rise  to  the  situation  was  partly  due 
to  their  primitive  methods  and  partly  to  the  association  with  their  ore 
of  the  objectionable  marcasite,  which  could  not  be  successfully  separated. 
This  condition  existed  until  1904  or  1905.  A  few  important  companies 
had  previously  become  interested  in  the  Wisconsin  district,  but  in  general 
capitalists  had  overlooked  it.  At  last,  through  improvements  in  mining 
and  ore-dressing  methods,  it  gives  promise  of  becoming  one  of  the  impor- 
tant zinc-producing  districts  of  the  United  States.  The  historical  record 
of  mining  in  Wisconsin  has  already  been  given  in  the  portion  of  this  work 
relating  to  lead. 

The  remaining  history  of  zinc  mining  in  the  United  States  is  chiefly 
a  utilization  of  ore,  previously  known  to  exist  through  prospecting  for 
lead,  when  the  erection  of  smelteries  offered  a  market  for  it.  Thus, 
small  deposits  of  calamine  were  early  known  to  occur  in  the  lead  district 
of  southeastern  Missouri.  In  1867,  George  Hesselmeyer  erected  a  furnace 
at  Potosi,'  which  did  not  continue  long  in  operation.  In  1869  the  Glen- 
dale  works  were  established  at  St.  Louis,  to  which  the  Valle  mines  became 
immediately  a  large  shipper,  the  zinc  ore  developing  into  a  greater  source 
of  profit  than  the  lead  ore,  previously  exclusively  mined.^  Those  mines 
have  continued  to  be  small,  but  regular,  shippers  to  St.  Louis  up  to  the 
present  time.  Several  other  works  were  soon  afterward  erected  at  and 
near  St.  Louis. 

The  early  history  of  the  Joplin  district,  when  lead  only  was  mined, 
has  been  given  in  the  first  section  of  this  work.  Of  course  zinc  ore  had 
ineNntably  been  recognized  there  from  almost  the  beginning  of  lead 
mining,  but  there  was  no  local  market  for  it  and  no  means  for  getting  so 
crude  a  commodit}'  to  the  smelters  further  east.  In  1870  the  St.  Louis 
&  San  Francisco  railway  was  completed  to  Peirce  City;  early  in  1871  it 
was  extended  to  and  beyond  the  State  line.  In  the  meanwhile  several 
smelteries  had  been  established  at  St.  Louis,  besides  which  there  were 
the  two  older  works  in  northern  Illinois.  These  circumstances  made 
possible  the  utilization  of  the  zinc  ore  of  southwestern  Missouri.  In  1871 
an  agent  of  the  Missouri  Zinc  Co.  of  St.  Louis  began  to  work  for  zinc 
near  Granby.^  In  1872  zinc  ore  was  shipped  from  Joplin  to  the  Illinois 
Zinc.  Co.  at  I'eru,  111.     It  fetched  only  $3  per  ton,  but  the  price  soon 

'  Chas.  P.  Williams,  Industrial  Report  on  Lead,  Zinc,  and  Iron  in  Missouri,  p.  112. 

2  Arthur  Winslow,  Lead  and  Zinc  Deposits  of  Missouri,  I,  292. 

3  According  to  E.  Hedburg,  Trans.  Am.  Inst.  Min.  Eng.,  XXXI,  3S1,  the  first 
shipment  of  zinc  ore  from  the  JopHn  di.strict  was  made  by  George  Hesselmeyer,  who 
shipped  several  car-loads  of  ore  (ior  which  he  paid  $1  per  ton)  from  the  waste  dumps 
at  Granby  to  his  smelting  works  at  Potosi. 
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n>so  to  $!.'».     Iti  1S73  zinc  Hmrltin^  wan  U'min  at  Weir.  Knn.     Tho  ww 
inarkot    f«»r   <m>    n'viviMl  st'vrral   nf   \\n'  nlii   Ic.iil-niiniiiK   cainiH.     'I' 
tlu'  (liscovfry  nf  load  (»n^  at  .lo|tliti  lia«l  tlrawii  iniiicrs  away  fmiii  (ir.i.' 
I>ut  the  utilixation  of  the  xiiir  on>M  l>n>U);lit  alMtiit  not  only  u  rrnowul  of 
nuiunjj  oncratioiLs.  Init  also  an  entire  clian^c  in  tlir  rlmracter  of  tlu*  work. 
|]\|>loitatinn.s  U'canir  «l«'e|x'r  ami  larger,  tlioiiuli  .still  of  a  rather  eni«lf 
rhararter.      In    IS77    the    «lis<'overv   an«l    development    of   the    nnm'S   at 
(iaiena,   Kan.,  ^ave  an  additional  iin|M'tii.s  to  mining,  while  the  in^  ' 
for  on*  wa.><  fnrfln-r  incn'.-i.^ed  Ity  the  en-flioti  tif  a  sincllery  at  rilt.'^i 
Kan.,  in  isTs 

AlMiut  I.vso  liic  .">t.  I,4iiiis  S:  San  1  rainixo.  the  .\|i.><>iiiiri  Paeifie  and 
the  Kan.><:is  City,  F«»rt  S<'oit  A:  .M«Mn|»his  railways  were  extended  into 
.Ias|ier  County.  Mining  wa.s  viponnisly  eonducted  and  ram|in  multiplied 
in  the  vicinity  of  Joplin.  ami  amund  \VeM>  City  and  Carterville,  alouK 
Spring  Kiver.  (V-nter  Civ<>k.  and  Tiirkey  CnM'k.  and  es|ie<*ially  in  the 
vieinity  of  (iaiena.  Kan.  Karly  in  iSSti  development  w:i.s  U^^un  on  the 
miiM»s  at  .\un»ra.  !>;iwnMU'e  County.  .Mo.  Hy  IS'K)  the  |Mipiilation  of 
Joplin  ha«l  prown  to  lO.tMM);  th.it  of  \Vcl)l)  City  and  Carterville  to  ,S(MM); 
and  that  of  Carthage  to  S(KH).  The  wonderful  promv.ss  of  the  Jo|>lin 
district  is  U'st  shown  l»y  the  tahle  jriviufi  the  statistics  (»f  its  production 
(.see  Chapter  XX  III).  .Vs  early  as  IS"')  it  wjls  furni.shin;:  the  ore  fn»m 
which  75' ,'  of  the  »i)eItor  output  of  the  I'nitod  State.s  w:!.**  derived,  and 
ever  sin<'e  then  it  luis  occupied  the  pn^mier  |>o.sition  .amony  the  zinc-pn»- 
ducin^  di.stricts  of  the  CnitiMl  .'stal«'s. 

The  method.H  of  mining  nn<l  ore  dre.ssinp  in  the  .loplin  ilistrict  in  IS7I- 
1S,S()  were  very  crude.  The  shaft.s  wen»  ino.stly  very  shallow  ami  rudely 
timU'ri'd.  timU'r  not  l)einK  empl(»yed  at  all  except  where  al>.solutely 
neees.sary.  The  ore  wjw  hoisted  in  small  hucket.s  either  hy  whim  or  by 
windhu-vs.  oft<'n  the  latter.  If  the  mine  math*  any  wat<«r.  the  latter  wjw 
hoistecl  out  in  the  .same  way.  Kitth'  or  no  attention  wjis  paid  to  ventila- 
tion. The  o|)erationx  wen»  con<lucted  generally  hy  lessocM.  The  owner 
of  a  tract  of  land  lea.s<Ml  it  to  a  party  or  company  for  exploitation,  the 
les.sce  paying  a  percentage  of  the  mineral  ohtaintMi  sls  my.alty  to  the 
owner.  The  Hrxt  leasee  stihiet  in  parcels  IIMJ  ft.  or  21)0  ft.  Kqunrc  to  miners 
who  would  o|)en  the  gmund.  tin-  latter  paying  an  a«lvan<*ed  royalty.  The 
t>rv  wim  crushed  with  rtide  hn'akerx,  and  wxs  conc(>ntrated  with  hand  ji);s. 

Sulwtantially  the  same  rondition.*<  rontinue*!  to  exist  in  ISKl-l.SlNI. 
Steani-enjrines  were  intntduced  for  hoi.stiiiK.  hut  hors«'-  and  man-powfr 
were  more  conunonly  employed  jus  late  as  IM»1.  The  nunes  Nddom.  if 
ever,  had  8haft  hou.He«.  and  the  wjirk  lieing  perfornKHl  in  iIm»  o|icn  wjuh 
stihject  to  general  interniption  «lurinc  jieriods  of  inclement  weather. 
The  methods  of  mining  and  the  gener.'d  Mtuation  of  the  industry  in  isvj 
have  lieen  jhi  arruralely  portrnye*!  I»y  .Mr.  V.  I..  Clen'  in  .Miiu^ral  Hesourcrji 
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of  the  United  States  for  1882,  pp.  .309-373,  that  it  is  useful  to  quote  his 
description  as  foHows: 

"The  most  important  zinc  mines  of  this  region  are  those  at  Carter- 
ville  and  Webb  City,  which  are  really  parts  of  the  same  deposit.  They 
produce  more  than  half  of  the  zinc  ore  raised,  and  are  worked  principally 
for  zinc  ore.  As  these  deposits  are  very  regular  in  their  formation,  and 
in  a  measure  rule  the  ore  market,  and  as  the  method  of  mining  them 
is  essentially  the  same  as  prevails  throughout  their  entire  district,  a  gen- 
eral description  of  them  and  the  method  of  mining  them  will  here  be 
given.  These  mines  lie  in  the  open  prairie,  which  was  once  cultivated 
in  farms,  about  five  miles  northeast  of  Joplin,  near  the  head  of  a  small 
branch  of  Center  Creek.  They  were  discovered  about  the  year  1877. 
Here,  at  a  depth  of  from  40  to  100  ft.,  and  often  under  a  cap  of  limestone 
and  flint  GO  ft.  in  thickness,  has  ]:)ecn  found  an  immense  deposit  of  zinc 
blende,  which  has  been  worked  continuously  for  over  half  a  mile.  The 
deposit  is  in  the  form  of  a  bed  of  flint,  traversed  in  various  directions 
by  solid  bars  of  barren  flint,  but  in  general  resemVjling  a  breccia  of  sharp, 
angular  pieces  of  barren  flint,  closely  cemented  by  cr3^stallized  blende, 
with  occasional  masses  of  bright  crystallized  galena.  With  the  exception 
of  these  bars  and  occasional  pillars  to  support  the  roof,  the  whole  body 
is  blasted  out.  Draining  is  difficult,  and  rock  drifts  are  sometimes  neces- 
sary to  unwater  the  ore.  Ur.  Schmidt  considers  a  secondarily  deposited 
quart zite  to  be  the  cementing  material  between  the  chert  and  the  zinc 
blende  in  the  very  similar  deposits  found  at  Oronogo;  but  this  is  certainly 
not  the  case  in  the  best  mines  at  Webb  City  nor  at  Sherwood,  and  zinc 
buyers  soon  learn  to  detect  the  difference.  Where  the  cementing  material 
is  pure  blende,  the  blende  breaks  freely  from  tlie  chert,  and  can  be  almost 
entirely  cleaned  l)y  crushing  and  jigging;  where  tlie  cementing  material 
Ls  quartzite,  or  black  sand,  as  the  miners  call  it,  crushing  is  difficult,  and 
a  satisfactory  separation  is  impossible.  The  mines  spread  over  about  a 
section  of  land,  G40  acres.  Their  weekly  output  is  about  700  tons.  The 
method  of  working  them  is  as  follows: 

"  When  a  good  jjrospect  is  discovered  in  new  ground  the  land  around 
it  is  leased  from  the  original  owners  on  royalties  ranging  from  10  to  25% 
by  a  number  of  individuals,  who  organize  various  mining  or,  as  they  would 
more  properly  be  called,  land  companies.  The  companies  have  the  land 
divided  up  into  lots  200  ft.  square,  and  a  plat  of  it  made;  select  certain 
lots  for  themselves,  and  throw  the  others  open  to  miners.  They  usually 
start  a  shaft  on  one  of  their  own  lots,  and  put  in  a  pump.  If  the  indi- 
cations continue  good,  many  of  the  lots,  particularly  those  near  the  pump 
shaft,  are  quickly  taken  up  by  parties  of  miners,  who  sink  shafts  upon 
them,  timber  the  ground,  put  up  hoisting  contrivances,  furnish  all  sup- 
plies, and  bear  all  expenses. 
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"  Whrn  ore*  is  stnirk  it  is  <lrifte«l  on  ami  f(»IIowo<I  in  ull  (lircTliotw  up 
to  tlu"  Ixiundarios  of  tlu>  lot  in  (puvstioti.  Tin*  on*  is  ruiseil  to  the  surfaoe 
anil  rrusiuMl  ami  \v:lsIum1  l>y  tlit'  niincrs.  and  is  sold  to  one  of  the  zinc  or 
mineral  Ituyi^rs.  It  is  wciKJit'd  over  the  rtiinpiiny'H  sealcH,  an<l  paid  for 
to  the  ronipany,  whirh  dethu'ts  a  myalty  of  2")' ,'  on  zinr  hiende,  and 
50','  on  'mineral'  (galena);  and  if  it  has  piim|v<  rMnnin^.  a  pump  rt-nt 
of  SI  a  ton  on  zinc  ore  and  $2  on  KMH)  lli.  of  i;alena;  and  pays  over  the 
balance  to  the  miners.  The  n»yalti<*s.  of  cnnrse.  vary  with  cin*nmstanrcs, 
but  the  alM>ve  are  fjeneral.  The  holders  of  lots  hire  other  lals»r  to  do 
the  mining,  at  from  $1  to  $!.'>()  a  day;  and  usually  put  up  crushing  ami 
\v:ishin^  machinery  on  tlwir  lots.  N'ery  <»ften  the  same  parti(»s  contnd 
two  or  thnv  adjoining  lots  or  fractions  of  lots,  and  .sometimes  neighlMirs 
Ro  into  partnership.  .Most  companies  do  not  allow  cin's  to  Ih?  taken  fmm 
the  lots  on  whi<h  they  an>  mir>e<|  until  tluv  have  Ikmmi  cleane<l  and  have 
paid  n»yalty.  The  machiiu'ry  is  usually  of  the  simplest  de.s<ription  — 
a  farm  or  small  stationary  engine.  covere<l  by  a  shed  of  rou^h  iMianls,  a 
small-si/ed  HIake's  breaker,  ."^^t  over  a  pair  <)f  n»lls,  and  a  horse  whim  or 
a  whip.  The  ji^s  are  onlinary  hand-ji^^s.  with  an  overhead  break.-^tafT. 
working  a  sieve  2x.'ii  ft.  up  and  down  in  a  Im»x  of  water.  The  ji^inf; 
is  usually  d<»ne  by  contract,  and  is  paid  f«»r  by  the  ton  of  clejined  itn\ 
It  Ls  common  to  ."^ee  from  10  to  20  of  the.>^»  jijjs  Kro\i|MM|  tojiether  under 
a  slietl  of  poles.  covere<l  with  branches  of  trees  or  nnigh  Imards.  The 
ore  JUS  crushetl  yields  fn»m  10  to  'A)'  ',  (»f  cleaned  ore.  and  the  No.  I  grade 
assays  almut  00  to  (i2* ,'  of  metallic  zinc.  The  tailings  must  in  most  cxses 
be  piled  up  on  the  lot  from  which  they  have  come;  they  are  drawn  up 
into  a  nu»und  with  two-horse  scrajw^rs  or  l>elt  elevators,  and  it  is  not  an 
unusual  sight  to  ."iee  jigs  and  <rushing  machinery  |ierche«|  on  t4»p  of  the.se 
moumls  15  to  20  ft.  alnive  the  surface  level,  the  shafts  UMng  timlioretl 
up  to  a  corres|)omling  height.  Several  land  companies  have  put  in  fairly 
efTective  pumping  machinery.  IMimger  pum|is  working  in  pairs,  with 
wiNiden  Walking  lieaiivs  or  Ixtb  cranks,  and  driven  by  gearing  and  a  cr:ink 
shaft,  are  the  nmst  roinmon:  but  din'ct -.acting  st<'am-ptim|»s.  like  the 
NVorthington  or  HIake.  have  lieen  largely  intn>«iured  of  late,  notwith- 
•"landing  the  disadvant:iges  they  lalmr  umler  fnun  the  jfritty  water  n( 
the  mines.  From  a  <list:ince  the.se  mines,  with  their  swarms  of  busy 
men  and  hea|M  of  tailings  {tiled  around  the  shafts,  n-mintl  one  stnmgly 
(•f  gigantic  ant-hills,  and  pn\sent  a  sight  not  siMin  to  lir  forgotten.  No 
i»ne  can  fail  to  lie  stnick  with  the  glaring  defects  of  such  a  metluwl  of 
mining,  the  alisence  of  sy.st««m.  the  UM'less  duplication  «»f  machinery, 
the  cheap  yet  PX|ion!ti\-e  ox|)rdientK.  an<l  the  rniwding  together  of  con- 
flicting «>peration.s.  iVIow  grotmd  the  efTects  are  if  |¥>ssible  worse.  K^ich 
lot  is  affected  by  the  policy  of  its  neighUtrs;  pillars  an*  left  only  whem 
they  are  thought  to  lie  absolutely  iM'ct»ssarv;  each  miner  tries  to  get  as 
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much  as  possilile  out  of  his  own  lot,  is  only  interested  in  it  as  long  as  he 
expects  to  work  it,  and  is  not  disposed  to  improve  the  value  of  adjoining 
lots  by  luiwatering  them  or  proving  their  ore.  The  roof  and  pillars  are 
badly  trimmed,  and  in  many  cases  dangerous,  fatal  accidents  being  dis- 
tressingly common.  The  officers  of  the  land  companies  are  generally 
individually  interested  in  one  or  more  lots,  and  all  sorts  of  questions  are 
continuously  arising  from  the  conflicting  interests  of  the  company  and 
the  minere. 

"  Looked  at  altogether,  as  the  main  dependence  of  the  zinc  industries 
of  this  country,  such  a  condition  of  affairs  is  far  from  satisfactory,  and 
yet  it  is  not  easy  to  suggest  a  practicable  remedy.  If  a  single  company 
w^ith  sufficient  capital  should  control  all  the  lots  and  work  them  in  con- 
nection with  each  other,  the  output  could  be  largely  increased,  the  cost 
of  mining  and  dressing  the  ore  greatly  reduced,  and  the  value  of  the  mines 
kept  up  for  a  longer  period,  and  the  ore  could  be  sold  to  better  advantage 
than  can  be  hoped  for  under  the  existing  method.  But  this  is  seldom 
possible  after  the  present  system  is  once  in  operation;  too  many  indi- 
viduals have  acquired  rights  in  the  mines,  which  they  value  at  what  they 
hope  to  get  out  of  them.  Nor  is  the  present  arrangement  without  obvious 
advantages  in  a  new  country,  and  it  is  seriously  questioned  whether  any 
other  could  l)e  as  effective  or  as  economical.  When  mineral  is  once  dis- 
covered, it  requires  but  little  capital  to  open  mines,  and  consequently 
the  individual  risks  are  small.  The  miners,  working  on  their  own  account, 
with  hojjes  of  large  ultimate  gains,  have  every  inducement  to  work  hard 
and  cheaply,  and  to  follow  every  clew  that  may  lead  to  the  discovery 
of  ore.  There  is  a  large  body  of  keen,  hard-working  prospectors,  who 
during  the  season  wander  from  place  to  place,  live  in  wagons,  under 
tents,  or  in  tlic  open  air,  and  carefully  observe  and  follow  every  real 
or  sujipfjsed  indication  of  ore.  How  else,  it  may  be  asked,  could  pros- 
pecting be  so  well  or  so  cheaply  done?  And  there  is  a  class  of  enterpris- 
ing, skilful  well-to-do  miners,  naturally  associated  as  partners,  who  have 
made  one  or  more  good  strikes,  and  are  always  ready  to  take  hold  of 
any  new  venture  that  promises  well,  either  in  working  a  lot  or  in  forming 
a  land  company  to  open  new  mines.  Where  else  could  l^e  found  capital- 
ists so  willing  to  risk  their  money  in  a  speculative  venture?  Men  of  this 
sort  are  always  ready  and  al)le  to  work  themselves,  or  to  direct  the  work 
above  or  below  ground.  How  else  could  be  obtained  as  willing  and  as 
watchful  superintendents,  foremen,  and  clerks?  New  towns  are  started 
every  year,  and  the  mining  district  is  rapidly  extending.  No  uniform 
development  seems  to  lead  to  this  extension;  chance  and  the  policy  of 
the  land  owners  appear  to  be  the  only  determining  causes. 

"The  towns  of  Galena  and  Empire,  on  iShort  Creek,  in  Kansas,  were 
brought  into  sudden  prominence  in   1878,  and  restored  the  waning  for- 
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tiincs  of  the  Jo|)lin  ropinn  l)y  thr  ovorliniiM  of  two  hmd  rotnpnnipx.  wlii«li, 
oil  till*  stn'i»ntl»  of  two  or  tlm-*'  rich  Imt  iiii<lcvclo|ie<l  proniMM-t.H,  laid  out 
two  rival  t«>wiLs,  ami  sold  town  lots  witlioiit  n'MTviun  inincral  ri^litM; 
and  l>y  extcnsivo  a<lvrrti.sinK  tliroiiKhotit  Missouri  anci  nciKlilMiriiii;  Stuti'M 
cn^attNl  an  excitotncnt  wliirli  had  a  puri-ly  H|>p<Milative  luwis,  l>ut  led 
to  the  rollortion  of  a  lar^e  nutnU'r  of  niincrs  and  a  considcralite  af^re- 
gat*?  of  nioiu'V.  Forlunalfly.  tlu*  rrsnlt.s  very  nearly  jtistiiicd  their  most 
sanguine  representations.  The  land  cotupanies  then  withdrew  all  of 
their  reinaininj<  l«>ts  from  the  market,  and  the  sureesM  of  the  mines  wom 
seeureil.  They  are  now  the  principal  mims  for  lead  ore  in  the  ref^ion, 
and  their  output  of  /inr  is  inere:t«iinj;. 

"  I'or  the  disrovery  and  working  i)f  shallow  dejiosit.s  the  present  system 
seems  the  Ix'st  that  <an  l>e  devised,  hut  it  is  clearly  not  adapted  to  solve 
the  prohlems  «)f  discovering  di^'iH^r  de|K)sit.s  or  workirjg  them  to  advan- 
tage. No  system  can  Ik?  defended  which  inv«»lves  extravagant  ex|«en.se 
in  mining  and  preparing  the  on^  for  market,  forces  the  sale  of  it  without 
regard  t<i  its  value,  anil  renders  worthle.ss  large  Inxlies  of  ore  that  might 
be  pnifitahly  worked  hy  a  l)etter  systeiu;  antl  no  hjisis  for  a  great  industry, 
like  the  zinc  industry,  which  makes  it  de|)end  on  a  hundred  chances 
inde{x>ndent  of  the  price  of  metal,  the  cost  of  smelting,  «»r  the  known 
de|)osit.s  of  ore,  can  Ik*  considereil  very  safe  to  huiUl  Ujjon.  The  caving 
in  of  a  single  mine,  the  breaking  down  of  a  pump,  lexs  activity  in  lead 
mining,  or  the  .scattering  of  the  miners  to  richer  camfw,  may  cause  a  falling 
off  in  the  output  of  on^  fn>m  which  it  would  Ik*  very  <lifli(*ult  to  itM'over. 
That  mining  has  on  the  wh«>le  lK»cn  very  pn»rital>l«'  in  this  region  is  estal>- 
ILshed  from  the  fact  that  the  cojintry  around  luis  steadily  and  rapiilly 
incresLsed  in  wealth  ami  |)opulation.  Within  the  hist  few  years  thn>e 
railn)ads,  the  St.  I»uls  t^-  ,San  I'rancisco,  the  .Mi.ssouri  Pacific,  ami  the 
Kan.s:is  City,  Ktirt  Scott  &  (lulf,  have  built  branches  thn)Ugh  the  ore 
fields  to  each  of  the  three  towns,  .loplin,  Webb  City,  and  (lalena.  Joplin. 
with  its  g«K«I  strwt.s,  gjus,  an<I  water  works,  machine  shojis  and  fotmdries, 
fhmr  antl  woolen  mills,  lea«l  and  zinc  furnaces,  street  cars.  an<l  exteasive 
jobbing  and  retail  hoti.ses,  has  lK*en  Imilt  almost  entirely  from  the  profits 
of  mining. 

"<iranby.  2()  miles  southea.st  of  Joplin,  pre.sents  a  striking  r(»ntr:ist. 
It  is  de|MMident  on  a  single  railroad,  which  owns  nuich  of  the  mining  land; 
and  the  land  Is  all  leased  or  owned  by  the  Oranby  .\fining  and  Smelting 
CVi.  lic.'id  ore  hjus  Ikh^h  extensively  mined  sin<v  lS.*Hl,  and  duritig  the 
war  the  mines  were  w<»rke<l  for  Uith  armies.  The  zinc  ore  obtniiie<I  is 
mainly  calamine,  but  blemie  is  also  found.  The  mines  are  in  gT*nenil 
shallow,  and  h'ss  tmubled  with  water,  an«l  the  ores  usually  reipiirp  le«s 
mechanical  tlmssing  than  at  other  jminti*  in  the  lead  ivgi«»n.  The  com- 
pany receives  fruni  the  men  all  of  the  lead  and  zinc  ore,  deducts  the  mvul- 
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ties  paul  to  the  railroad  aiul  its  own  royalties,  and  pays  the  niinor  on  a 
sliding  scale,  based  on  the  price  of  the  metallic  lead  and  the  selling  price 
of  zinc  ore,  for  the  reason  that  it  smelts  the  lead  ore,  and  at  present  sells 
the  zinc  ore. 

"This  mining  ix)int  is  noteworthy,  as  it  is  the  only  one  producing 
large  amounts  of  calamine.  Tlie  calamine  is  naturally  rich,  not  much 
contaminated  with  other  materials,  and  occurs  with  the  lead  ore  in  shallow 
horizontal  openings.  It  was  first  utilized  in  1871,  prior  to  which  time 
large  amounts  of  it  had  been  discovered  and  left  in  the  ground  or  thrown 
aside.  Since  that  time  it  has  been  extensively  mined,  and  has  added 
greatly  to  the  prosi)erity  of  the  mines.  Calamine  is  by  nature  less  rich 
than  blende  in  the  proportion  of  53  to  679c;  it  is  also  much  more  difficult 
to  clean  when  mixed  w^ith  rock,  on  account  of  its  lower  specific  gravity; 
1>ut  in  proportion  to  the  metal  it  contains  it  is  more  valual)le  than  l)lende 
because  it  can  be  smelted  more  cheaply  and  the  metal  more  perfectl}' 
extracted  from  it,  and  when  mixed  with  blende  in  the  furnace  charge  it 
makes  it  possible  to  get  more  metal  out  of  the  blende.  It  is  also  valualjle 
on  account  of  the  superior  softness  and  toughness  of  the  metal  obtained 
from  it;  but  it  will  not  bear  transportation  to  a  distance  as  well  as  blende, 
on  account  of  its  lower  percentage  of  metal.  This  ore  has  been  at  times 
the  principal  supply  of  the  Carondelet  zinc  works;  large  amounts  of  it 
have  been  ship]3ed  to  La  Salle  and  Peru,  and  in  1874,  4000  tons  were 
shipped  to  Bethlehem,  Penn.,  which  yielded  a  little  over  32%  of  metal 
on  the  weight  of  the  raw  ore.  It  is  less  favored  by  the  zinc  works  in  the 
neighborhood,  because  the  freight  upon  it  is  heavier  than  the  freight  on 
ore  from  other  points,  and  because  furnaces  working  it  cannot  turn  out 
as  man}'  pounds  of  metal  a  day  as  when  working  on  blende,  and  the  output 
of  the  works  is  reduced." 

About  1890  improved  methods  of  mining  and  milling,  especially  the 
latter,  began  to  be  introduced  in  the  district.  In  The  Mineral  Industry 
for  1892  it  was  remarked  (p.  466) :  "  The  deposits  of  zinc  ore  that  are  opened 
in  Kansas  and  Missouri  are  of  great  extent  and  are  easily  worked.  Hith- 
erto they  have  been  mined  in  extremely  rude  fashion,  but  within  the 
past  two  or  three  years  improved  methods  have  been  introduced,  and 
machinery  is  beginning  to  take  the  place  of  manual  labor.  Probably 
steps  will  soon  be  begun  to  open  the  mines  on  a  larger  scale,  with  ade- 
quate hoisting  and  pumping  plants,  and  with  dressing  works,  of  which 
there  are  surprisingly  few  in  the  district,  most  of  the  ore  being  washed 
by  hand.  As  it  is,  the  Joplin  district  is  already  able  to  maintain  a  more 
regular  output  than  it  could  a  few  years  ago,  being  less  subject  to  delays 
by  bad  weather,  etc.,  and  the  smelters  therefore  have  more  certainty 
of  a  steady  supply  of  ore." 

In  1892  there  were  five  steam  mills  in  operation  near  Joplin  and  60 
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pnuiuritiK  shaft."*,  while  \NVM)  City,  Cartorvillp,  atui  (lalcna  wcrr  Kmallcr 
pHMlnrrrs.  'lilt*  pntihii'iiiK  raparity  of  the  district  alnwuly  pnMiii.Hi"*!  lo 
In>  so  hkr^e  that  thN|M>sitioii  of  the  stirphiH  iMi^iifScil  Hcrioiiji  atti-iitiori. 
With  the  object  of  developing  a  f«>nMjjn  market,  the  Smthweht  MiKHoiiri 
and  Southeast  KaiiMa**  I^ead  and  Zinc  Mining  A.sHiiriation  M-nt  an  agent 
to  r.imi|>e  in  ISUI.  As  a  result  of  this  al>out  lUMH)  tons  of  on*  were 
ex|M»rto<l  in  IS1»2,  hut  the  liusiness  eejLHc<l  U»rauj<c  after  tledurtin^  the 
trans|)ortation  eharKe><  the  pn»durers  did  not  n'aliz<»  so  tnueh  iv*  they 
rould  in  the  home  market  in  spite  of  the  low  prires  here.  I''n»m  time  to 
time  s<«veral  other  attenipts  have  l)een  ma«le  to  exfrnrt  .loplin  ore  when 
«lis-satisfa«tion  was  felt  as  to  the  domestif  market,  hut  the  results  have 
l>e«'n  always  the  same. 

The  next  few  years  witnes.sed  a  steady  and  im|)ortant  developtnent 
in  the  district.  <)|¥^rations  prailuaily  came  to  Im;  conducted  on  a  larger 
.scale.  The  nundn'r  of  steam  mills  rapidly  incre:tse«l.  The  amount  of 
work  <lone  in  the  o|»en  air  de<'n'a.sed.  .Mining  thereby  accpiired  a  far 
greater  regularity  than  it  had  pn-viously  displaye<l.  My  isjis  o|)eration.s 
had  .>«>ttled  down  to  a  w«'ll-<lefine<|,  though  |)eculiar.  and  in  nuiny  res|jects 
a  still  crude  pra<'tice.  However,  this  had  Imhmi  «level<»petl  to  suit  the 
|>eculiar  con<litioiLs,  and  in  general  the  iinlustry  w:ls  very  pn)rital)le. 

Towanl  the  end  f»f  ISIJS  the  gn\it  industrial  Immiui  .set  in  an<l  the  price 
for  sjjelter.  and  along  with  it  the  pri<'e  for  ziiu-  <»re,  n»se  sharply.  The 
large  profits  which  the  .I«>plin  ojjerators  l»egan  to  realize  :ittracted  the 
attention  of  pmmoters  in  the  K:ist,  es|NMially  in  lt«tston,  and  thn>uf;h 
their  instnimentality  I^:istern  capital  w:is  heavily  invested  in  the  district. 
.\  few  of  the.s<>  cttmpatues  were  succe.s.sful.  hut  in  general  it  pn»ved  that 
they  had  purch:LS<'d  their  pn»pi»rties  at  thnv  «»r  four  times  their  actual 
value.  an<l  this,  combined  with  unwi.se  moditic.ations  in  the  mining 
and  milling  ntethods  that  some  of  them  .sought  to  intntduct*.  led  to  dLs- 
:L>trous  failures. 

The  faihiro  of  the  large  c<»n)panies  which  entered  the  Joplin  field 
at  alxMit  this  tinie  wjis  <|ue  largely  to  d««fe<"tive  recognition  of  the  char- 
acter of  the  ore  depiwits.  The  mineralization  of  the  «ILstrict  was  exten- 
sive, but  the  individual  lenses  of  on*,  which  up  t«i  that  time  had  been 
the  only  c|.n.ss  of  ore-lH»dy  develojied.  were  comparatively  small.  .\ 
mine  which  wouhl  stipply  KM)  tons  of  crude  ore  |«er  day  for  thrw  year>», 
I c,  .Mimewhat  le>w  than  UM).(MM)  t<»as  in  the  abnegate,  wiu*  pnibnbjy  lietter 
than  the  average,  ('onseipiently.  it  was  |HM»r  busine.HS  |iolicy  to  ervct 
exjieiLsive  plants  of  the  highest  type  f<»r  ho  short  a  fieriod  <»f  iu»efulness. 
It  waM  more  profitable  to  erect  mugh.  inex(ieasi\'e  plant/*,  on  which  tlie 
oiitlay  would  l»e  qtiickly  reimbursed,  even  if  the  maximum  extraction 
of  mineral  and  the  minimum  o|ierating  cost  were  not  attaine«l.  Thin 
is  the  rra.'^»n  for  the  |ieculiar  practice  which  tlc\"eh>ped  in  the  Jo|ilin  db- 
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trict.  Engineers  acmstomcd  to  operations  on  a  larger  scale,  going  to 
the  district  for  the  first  time,  were  wont  to  pronounce  the  .loplin  practice 
sailly  ilcfective  and  highly  amusing,  but  in  attempting  to  imj)rove  it  they 
commonly  learned  that  there  was  a  good  reason  for  the  local  practice, 
and  that  it  was  their  own  judgment  which  was  defective  and  amusing. 
In  Production  and  Properties  of  Zinc,  pp.  251-252,  the  conditions  existing 
in  1901  were  exjilained  as  follows:  "The  ore-bodies  of  the  district  are  of 
variable  magnitude  and  frequently  are  exhausted  quickly.  The  method 
of  mining  does  not  open  reserves  of  ore,  and  the  life  of  a  mine  is  uncer- 
tain. The  margin  over  the  cost  of  mining  and  milling  is  likely  anyway 
to  be  narrow.  The  capital  of  the  men  exploiting  the  mines  is  generally 
small.  All  of  these  conditions  tend  to  limit  the  expenditure  for  original 
plant  to  the  least  that  will  enable  the  mine  to  be  worked.  In  order  to 
meet  that  requirement  a  type  of  mill  has  been  evolved  which  costs  only 
S30  to  $40  per  ton  of  daily  capacity  (as  compared  with  $150  to  $200  for 
an  ordinary  mill  in  other  districts).  The  design  has  become  well  estab- 
lished, one  mill  resembling  90%  of  all  the  others  in  the  district  like  peas 
in  a  pod,  and  the  developer  of  a  new  mine  can  contract  for  the  erection 
of  a  mill  as  easily  as  he  can  for  a  barn  and  with  as  little  concern  as  to  its 
promised  efficiency  in  operation.  The  addition  of  recrushing  and  slime- 
washing  machinery  would  introduce  unfamiliar  complications  and  would 
increase  the  first  cost.  The  complications  might  be  learned,  of  course, 
but  the  increased  cost  would  always  raise  doubt  as  to  the  advisability 
of  the  additional  investment  until  the  mine  had  been  tested.  Hence  it 
is  that  the  reworking  of  tailings  has  been  left  until  a  sufficient  quantity 
has  accumulated  to  make  it  worth  while."  Since  1901,  the  conditions 
have  changed  so  that  it  has  become  economically  possible  to  erect  larger 
mills  and  provide  them  with  means,  especially  recrushing  and  slime- 
washing  apparatus,  for  extracting  a  higher  percentage  of  mineral  from 
the  ore. 

In  1881-1890  and  in  the  early  nineties  the  one  mined  in  the  Joplin  dis- 
trict was  of  comparatively  high  grade.  At  the  best  a  ton  of  concentrate, 
a.ssaying  60%  zinc,  could  be  obtained  from  two  to  five  tons  of  the  crude 
ore.  J.  R.  Holibaugh  in  The  Mineral  Industry,  II,  670,  stated  that  some 
ore-bodies  would  yield  75%  to  80%  mineral,  while  in  others  the  average 
would  not  be  over  10%.  In  The  Mineral  Industry,  III,  537,  he  stated 
that  at  that  time  (1894)  few  mines  could  be  worked  at  a  profit  which 
did  not  yield  10%,  of  mineral,  the  average  value  of  the  concentrate  in 
that  year  having  been  $17.10  per  2000  lb.,  at  the  mines,  although  a  large 
deposit  of  ore  yielding  only  7%  had  been  worked  profitably  in  the  Victor 
mine  at  Cartervdlle,  where  a  large  tonnage  was  handled  daily.  In  1901 
the  average  yield  of  the  district  was  probably  not  more  than  5%,  and 
many  mines  yielding  only  4%  were  Vjeing  worked.     Since  that  time  the 
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exhaustion  of  the  oh!  Icnse  doixwitrt  hiw  l)ocn  rapid,  new  di«coverie«  having 
failed  to  make  ):(»»d  the  working  out  of  the  old  ones,  and  it  hius  Ijoon  necew- 
«ary  to  n'sorl  nion*  and  more  to  the  low-^rade  hlie<'t  unnuul.  The  latter 
eharacter  of  de|M)8it,  which  i.s  practieally  a  mineralized  Ik**!  of  larpe  extent, 
oreurs  in  close  association  with  the  old  lenses  and  had  lonu  Iwhmi  knf)wn, 
hut  for  many  years  wjus  regarded  as  too  lean  to  work.  However,  it  l)c- 
came  necessary  either  to  work  it  or  exix?rience  a  shortjmc  in  the  domestic 
supply  of  sjK^Iter.  wherefore,  the  price  for  ore  rose  to  such  a  height  that 
this  low-grade  ground  could  l)e  worked  profitably,  and  its  extent  iK'ing 
HO  great,  the  o|)erator8  were  justified  in  erecting  larger  mills  and  intrt)- 
ducing  other  improvements. 

It  is  not  ejLsy  to  analyze  the  economics  which  have  IxK'n  efTectcd  in 
the  Joplin  district  during  the  last  five  years,  esfjccially  during  the  last 
two  years,  Ixn-ausc  there  have  l)ccn  so  many  ofT.sctting  conditions  in 
connection  with  the  increased  cost  of  most  su|)plies,  and  es|)ccially  the 
increased  cost  of  lal)or.  Prol)al)ly  the  economies  in  handling  materials, 
etc.,  have  l)een  about  offset  by  the  increjuses  in  those  resfx^cts.  Among 
the  leading  economies  have  l)een  the  introduction  into  the  district  of 
hydraulic  |X)wer,  electrically  transmitted  from  Kansas,  the  intrr)duction 
of  natural  gas  pi|X'd  from  Kansas,  the  general  adoption  of  electric  motors 
and  gas  engines,  and  the  introduction  of  a  su{)erior  class  of  mining  ma- 
chinery. At  present,  ore  yielding  only  3%  of  concentrate  is  pn)fitably 
mincfl.  and  the  general  average  for  the  district  is  probably  less  than  4^/(. 

The  im|)r«>vements  in  the  result  of  milling  have  l>eon  esjx'cially  imjxir- 
tant.  For  many  years  the  practice  in  the  Joplin  district  wius  highly 
wasteful.  Carl  Henrich.  in  IStJ'J.  discu.'^.sed  the  subject  in  the  following 
words: ' 

"  When  we  look  at  the  tailing  piles  and  sec  the  vast  amount  of  good 
blende  left  in  them;  when  we  follow  the  course  of  the  water  flowing  frt»m 
the.se  con«-entration  works  into  larger  streams,  an<f  see  everywhere  the 
fine  blende  shining  golden  yellow  in  a  bright  sunlight,  we  l>egin  to  doubt 
the  success  of  a  method  of  concentration  which  on  the  average  wastes 
certainly  not  less  than  one-third,  and  more  fn'(piently  nearly  one-half, 
of  the  ore  containe<l  originally  in  the  crude  material  treated." 

In  HK)4  the  average  extraction  of  mineral  in  the  district  wjus  still 
probably  not  mort'  than  IMi'", .  In  P.KMi  the  introduction  <»f  regrinding 
machinery  and  slime  tables  had  increase«l  the  average  extraction  to 
.somewhere  l>etween  ft.'i  and  7.V',.  This  has  l)een  a  factor  of  extreme 
im|)ortance  in  maintaining  the  pn)duction  of  the  Joplin  district,  and 
enabling  the  present  low  grade  of  ore  to  Iw  worked  at  a  pn>fit.  IIowe\Tr, 
there  is  still  nnim  inr  great  improvement  in  this  particular,  and  the  atten- 
tion of  Joplin  mill-men  lx.*ing  now  nn)rc  can^fully  directed  towani  it, 
•  Trann.  Am.  Tni»(   Min.  Eng  .  XXI.  23. 
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further  progress  in  increasing  the  percentage  of  mineral  extraction  is  to 
be  anticipated  in  the  near  future. 

Until  recently  Virginia  has  been  a  small  but  regular  producer  of 
spelter  which  has  been  famous  because  of  its  exceptional  purity.  The 
most  important  mines  have  been  the  Bertha,  in  Wythe  County.  These 
mines  were  discovered  by  David  8.  Forney,  a  pioneer  in  the  development 
of  this  mineral  region,  not  from  any  visible  outcrop  or  float,  but  in  the 
amateur  pursuit  of  mineralogical  and  geological  investigations,  suggested 
by  the  favorable  appearance  of  the  region  to  which  he  came  from  Penn- 
sylvania to  pursue  his  profession  of  landscape-artist.*  The  mines  were 
not  opened,  however,  until  1879.  The  occurrence  of  the  ore  was  peculiar 
and  was  capable  of  being  worked  for  a  long  time  by  open-cast  mining. 
In  1883  the  opening  was  425  ft.  long  and  60  ft.  wide.  In  1893  a  strip 
1500  ft.  wide  was  worked.  As  the  dei)th  of  the  stripping  was  increased 
by  advancing  into  the  slopes  of  the  hills,  the  proportion  of  waste  material 
to  ore  was  largely  increased,  and  the  costs  as  well  as  the  difficulties  assumed 
serious  proportions.  This  led  to  the  adoption  in  1889  of  underground 
mining  by  an  ingenious  system  devised  to  meet  the  peculiar  conditions 
of  the  ore  deposit.  The  ore  was  calamine,  which  assayed  about  25% 
zinc  as  mined,  and  was  enriched  to  about  38%  zinc  by  washing.  It  was 
almost  free  from  impurities  affecting  the  cjuality  of  the  spelter  produced, 
and  the  latter  was  sold  largely  for  the  manufacture  of  brass  for  cartridges, 
commanding  a  large  premium  over  the  price  of  ordinary  spelter.  In 
1898  the  deposit  of  zinc  ore  was  exhausted,  and  the  property  was  leased 
for  the  purpose  of  mining  the  overlying  clays  for  iron  ore.  Later  on  the 
ownership  of  the  Bertha  Mineral  Co.  was  acquired  by  the  New  Jersey 
Zinc  Co.,  which  has  continued  to  operate  the  smeltery  at  Pulaski,  ship- 
ping thither  willemite  ore  from  New  Jersey,  which  is  suital)le  for  the 
manufacture  of  the  high-grade  "Bertha"  spelter,  and  also  obtaining 
small  supplies  of  ore  from  local  sources,  which  produce  lower  grades  of 
metal.  This  ore  is  obtained  chiefly  from  the  Wythe  mines  (see  Section 
on  Lead),  which  have  been  worked  on  a  small  scale  for  zinc  since  1891. 
Other  zinc  mines  have  been  worked  in  this  section  of  Virginia,  but  their 
production  has  been  unimportant. 

The  mines  at  Mossy  Creek,  in  the  Holston  River  district,  Tenn.,  were 
opened  by  the  Edes,  Mixter  &  Heald  Zinc  Co.  in  1883.  The  old  mines 
at  Straight  Creek  and  Lead  Mine  Bend  were  reopened  by  the  same  com- 
pany in  1889.  Operations  continued  until  1893,  when  they  were  aban- 
doned as  no  longer  profitable.  During  this  period  the  total  production 
was  17,000  toas  of  ore,  yielding  5750  tons  of  spelter.  This  represents 
the  bulk  of  the  zinc  production  of  Tennessee.     A  little  ore  was  produced 

>  William  H.  Case,  Trans.  Am.  Inst.  Min.  Eng,  XXII,  536. 
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by  outside  iiiU'ivsts,  Init  the  total  ({imiitity  \\i\a  Knmll.'  AUmt  IMIS 
a  imuv  wjts  o|N>rat('(l  at  Mjisrot  hy  the  IriKalls  Zinc  Co.,  the  ore  lieinK 
shipiXMl  to  IiiKall.x,  Itid.;  htit  the  proilitctioii  wa.s  .Hiiiall  atxl  the  venture 
\va.s  uuMHTeKsfuI.  In  IS'.MJ  an  uiusuiTeKsfuI  attein|>t  wim  made  t<»  reoirn 
the  old  proixTtie.s  of  the  VaIvh,  Mixter  A  Ileald  '/Aw  Co.,  which  failed 
Ijeeau."**'  of  inability  to  sorurn  the  nece-xsary  capital.  Since  then,  varioiw 
niiniiiK  rnliTpri.-M's  have  Ikhmj  inaugurated  in  the  Ilol.ston  River  district, 
and  at  Straight  Crifk.  The  .s|ielter  producj'd  fn)tn  the  <»re  in  the  IloUton 
Hiver  district  was  nMuarkahle  for  its  purity,  lioth  the  or(>  and  it.**  iMwur- 
nMice  an*  similar  t<»  tho.>^'  in  \  ir^inia.  It  is  noteworthy  that  fctur  <listrictM 
(in  Pennsylvania,  New  Jersey.  \  ir^inia,  and  Tefmes.sef)  pniducin;;  zinc 
ore  free  from  lea«l  should  occur  in  the  Appalachian  region,  and  nowhcn' 
else  in  .\meri<"a. 

Tlie  occurnMice  of  zinc  ore  in  northern  Arkan.•^:Ls  has  lietii  rMi..>.  d 
from  a  com|)aratively  early  «late.  David  Dale  Owen  made  a  peolo^ical 
rDe(mnoi.ssance  of  the  rejiion  in  1S.'»7  and  iS.'iS.  hut  at  that  time  no  mining 
was  poin^  on.  The  first  active  mininp.  a<'cordinK  to  M.  lledhuru,'  wits 
attempted  l)y  a  Chicap>  company,  which  in  IK7">  erected  a  smeltery  at 
Calamine.  Sharp  C<»unty,  for  the  reduction  of  carlMinate  ores.  The  enter- 
pri.se  was  unsucce.ssful.  I  Indievc  that  it  was  attempted  there  to  u.sc 
w<mmI  as  fuel  and  charcoal  jus  reduction  material.     No  coal  w;us  availaMe. 

The  .Morninp  Star  mine  at  Rush.  Marion  County,  Arkansa**,  w:ls  dis- 
eovereil  in  ISSI.  .*>in<'e  that  time  intermittent  shi|)ments  of  ore  (cal- 
amine) have  l)een  nuule  to  HufTalo  City  ancl  thence  l)y  \hk\\.  «lown  the 
White  River,  and  many  other  mines  have  l)een  o|)i'ned  in  northern  .\rkan- 
sjis.  It  hjus  lieen  In-lieved  that  this  section  c<mtained  iiiifNirtant  zinc 
re.soun'es.  the  develoi)ment  <»f  which  was  retarde<l  by  lack  i»f  adequate 
traaxjiortation  fa<ilities.  .*<ince  I'.HM)  several  railways  have  l»e<'n  built 
into  the  district,  and  the  production  has  incn'a.s<'d,  but  so  far  the  extent 
of  the  increjuse  luus  l)een  di.nappointinn.  Zinc  ore  luus  al.*i«»  Utu  mined 
in  the  n<»rthejistern  corner  of  Oklahoma,  btit  the  pn)ductinn  as  yet  has 
l»eon  insignificant.  The  ore  dei»«».sit.s  <»f  Oklahoma  are  in  the  same  forma- 
tion as  those  of  Joplin,  and  they  are  of  the  same  character.  Th<»sc  of 
northern  Arkansas  are  (piite  difTerent. 

The  exist«'nce  <if  zinc  «»n»  in  the  States  and  Territories  west  of  the 
Kooky  .Mountains  was  known  fmm  the  earliest  days  of  (»ccupation.  btit 
for  many  years  there  was  no  market  for  it.  Nearly  a  cjuarter  of  a  century 
afjo  attempts  were  nuule  to  reduce  the  ore  locally.  One  of  the  first  w.a** 
made  by  .Mfrt'd  and  Kujjene  Cowles.  Together  with  their  father,  ^>lwin 
Cowlen.  of  Cleveland,  Ohio,  they  |)urchaMM|  a  mine  oi\  the  Teriis  Hiver, 

•  Duriivc  tho  nghtirs  a  miuiII  MiM'l«rr>*  i»«j»  nlm)  nprrntnl  liy  the  East  TrnnnMrc 
Zinc  Co 
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Now  Mcxii'o,  ^vhi^•h  liad  a  deposit  of  mixed  sulphide  ore,  a  class  which 
was  then  considered  highly  refractory.  The  Cowles  brothers,  who  were 
educated  electricians  and  practical  men,  undertook  to  smelt  the  Pecos 
ore  in  an  electric  furnace,  several  forms  of  which  were  invented  and 
patented  in  1883  and  subsequently.  This  was  probably  the  first  venture 
in  the  field  of  electrothermic  smelting  of  zinc  ore,  which  even  yet  has  not 
become  an  industrial  process,  in  spite  of  many  exjDeriments.  The  Cowles 
brothers  failed,  but  their  work  in  this  direction  led  them  into  the  field 
of  aluminum  smelting,  wherein  their  work  was  of  great  commercial 
importance. 

In  1882  shipments  of  zinc  blende  were  made  to  Peru,  111.,  from  the 
Cotopaxi  mine,  Fremont  County,  Colo.,  where  there  was  a  vein  of  com- 
paratively clean  ore,  but  whether  from  the  smallness  of  the  vein,  from 
the  high  transportation  charges,  or  the  character  of  the  ore,  the  business 
did  not  develop. 

At  Leadville,  Colo.,  in  1886-1889,  considerable  experimental  work 
on  the  treatment  of  the  ores  of  that  district  by  hydrometallurgical  and 
electrometallurgical  processes  was  done,  but  nothing  of  consequence 
resulted  except  the  further  drawing  of  attention  to  the  problem. 

In  1888  H.  C.  Rudge  organized  the  Denver  Zinc  Co.  and  erected  a 
small  zinc  smeltery  at  Denver,  Colo.,  purchasing  ore  from  Leadville, 
Colo.,  but  it  was  not  known  how  to  smelt  an  ore  so  high  in  iron,  the  retorts 
would  not  stand  up  under  the  action  of  the  corrosive  slag,  and  after  a 
few  months  of  disastrous  oixjration  the  attempt  w'as  abandoned. 

In  1891  a  market  for  the  zinc  ore  of  the  Rocky  Mountains  became  an 
estaVjlished  fact,  although  for  eight  years  or  more  it  continued  to  be  a 
small  one.  In  that  year  F.  L.  Bartlett,  who  had  previously  been  operat- 
ing a  small  matte  smeltery  at  Portland,  Me.,  where  he  had  made  many 
ingenious  experiments,  organized  the  American  Zinc-Lead  Co.,  which 
erected  a  works  (of  100  tons  per  day  capacity)  at  Canon  City,  Colo.,  to 
utilize  the  mixed  sulphide  ore  of  Leadville  and  elsewhere  for  the  manu- 
facture of  zinc-lead  pigment.  In  1892  these  works  treated  12,000  tons 
of  ore  and  they  have  continued  in  regular  operation,  with  several  enlarge- 
ments, ever  since. 

In  1891  also  the  zinc  mines  at  Hanover,  N.  M.,  were  opened,  shipping 
their  ore  to  the  oxide  works  at  Mineral  Point,  Wis.  Up  to  the  end  of 
1893  their  output  amounted  to  1358  tons.  The  calamine  assaying  35% 
zinc  and  upward  yielded  a  fair  profit  when  it  fetched  $20  per  ton,  but 
otherwise  was  produced  at  a  loss,  the  freight  rate  from  Hanover  to  Mineral 
Point  being  $12  per  ton.  The  hard  times  of  1893  and  the  low  prices  for 
zinc  ore  put  an  end  to  mining  in  this  district,  but  during  the  last  year 
or  two  it  has  been  resumed. 

The  great  development  of  zinc  mining  in  the  Rocky  Mountains  dates 
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fr«»iu  ISOO  wlion  Hoinc  trial  l«»t«  <»f  rnnrrntrat<'<l  nn*  wrrt*  hhipix'tl  frnni 
CnMvif.  ("«»ln.,  to  sMH'ltrrs  in  Kansas.  In  tlir  .sainr  y<'ar  an  entorpriHint; 
oa*  l>n»kt'r  ol)tainc<l  contracts  with  Kun»|w'an  stnrlt«r>t  which  eiml>le<i  him 
Uy  buy  and  t>\|M>rt  lar^c  quantiticM  of  ore  fn>ni  IxMidville,  Colo.  Tho 
frright  rato  fnnn  l^-atlvilU'  to  Antwerp.  Swanxa.  or  llainlmn;  wnn  $9 
per  ton.  The  miners  wen*  jilad  to  .-S4'||  the  on*  for  $•'»  jwr  ton  f.o.h.  rarn, 
it  pri»viou.'*ly  having  Ikhmi  a  wju^te  product,  and  a  larjrc  l)U.«ineHH  developed. 
For  .'^'veral  years  this  ore  wjis  mostly  e\|K)rt«'d.  ,\meri<'an  smelt<Ts.  accus- 
tomed to  the  hi^h-^rade  ore  <tf  the  Joplin  di.strict,  having  ^n-at  diHiculty 
in  smelting  it  sueeessfully.  but  they  finally  succee<led  and  then  pnmjptly 
excluded  the  lMin)|¥'an  smelters  fnun  the  American  market.  After  that, 
the  pn)duction  of  zinc  on*  wjus  inau^jurated  in  nearly  all  «»f  the  Kocky 
Mountain  States,  the  impn)vcd  metluuLs  of  concentration  renderinR  it 
|)ossible  to  make  nuirketable  ores  that  pn'viously  were  valueless,  the 
retjuirements  of  the  zinc  smelters  for  raw  materi.il  causing  them  to  bid 
up  the  prire,  and  the  railways  making  fnMght  rates  on  zinc  ore  so  extremely 
low  that  it  was  [xissible  to  fetch  on's  to  Illinois  an«l  Kansris  from  |»oinl.s 
so  riMtiotc  :is  Hritish  Columbia  and  .Mexico.  The  extraordinary  develoi>- 
ment  of  zinc  raining  in  the.se  States  is  reflected  in  the  statistics  given  at 
the  beginning  of  Chapter  XIX. 
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ORE   DRESSING 

Recent  inii)rovements  in  the  art  of  ore  dressing,  i.e.,  the  separation 
of  valiial)le  minerals  from  each  other  and  from  worthless  gangiie,  have 
been  largely  contributory  both  to  progress  in  zinc  mining  and  in  zinc 
smelting.  The  process  of  zinc  smelting  which  is  commonly  employed, 
requires  mineral  concentrated  ordinarily  to  a  tenor  of  40%  zinc,  while 
the  higher  in  zinc  and  the  lower  in  objectionable  impurities  (iron,  man- 
ganese, lime,  lead,  fluorspar,  etc.)  the  better  is  the  result  in  smelting. 
Consequently  great  attention  has  always  been  devoted  to  the  mechanical 
concentration  of  the  crude  zinc  ore  that  is  obtained  from  the  mines. 

Zinc  ore  dressing  Avas  inaugurated  in  the  United  States  when  the  mines 
at  Friedensville,  Penn.,  were  first  worked  for  sulphide  ore,  which  came 
in  below  the  surface  deposits  of  calamine.  The  blende  of  this  ore  was 
to  a  large  extent  disseminated  finely  through  the  gangue  of  dolomite, 
and  it  was  impracticable  to  separate  any  but  the  coarser  blende,  leaving 
tailing  still  containing  a  comparatively  large  amount  of  zinc,  which  so 
far  has  defied  all  processes  proposed  for  its  extraction. 

The  ore  of  the  Joplin  district,  Missouri,  was  from  the  beginning  an 
occurrence  of  coarsely  crystallized  blende  with  a  gangue  of  chert,  from 
which  it  was  easily  released  by  a  comparatively  coarse  crushing.  There 
was  but  little  pyrites  mixed  with  the  ore  and  the  blende  was  practically 
free  from  isomorphous  monosulphide  of  iron;  wherefore  it  was  easy  to 
produce  a  remarkabh-  high  grade  of  blende  concentrate  by  comparatively 
simple  means.  Until  about  1891  this  ore  was  concentrated  solely  by 
hand-jigging,  as  mentioned  in  the  previous  chapter.  Then  began  the 
introduction  of  mills  operated  by  steam,  followed  by  other  improvements 
the  nature  and  effect  of  which  have  been  referred  to  elsewhere. 

While  the  Joplin  ore  was  thus  easily  separated,  that  of  Wisconsin 
presented  great  difficulty  because  of  the  association  of  marcasite  with 
the  blende,  the  two  minerals  being  of  nearly  equal  specific  gravity.  Yet 
the  minerals  were  both  coarsely  crystalline  and  easily  released  by  com- 
paratively coarse  crushing.  By  crushing  and  jigging  it  was  easily  pos- 
sible to  produce  a  concentrate  which  was  a  mixture  of  blende  and 
marcasite,  but  to  separate  those  minerals  from  each  other  remained 
an  unsolved  problem  until  about  1904,  although  many  attempts  had  pre- 
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viously  Iwcn  made  nncl  koiiu*  «»f  llu'in  wen"  mi  v\nm'  to  tho  risht  pniceas 
that  it  is  a  womlrr  why  r«»mriu'rrial  .surr»*.ss  wjus  n(»t  n'arh«'«l. 

An<»thrr  chi^s  of  zirjr  on'  which  for  many  yoars  lU'hiMi  tifatincnt 
was  tho  mixed  siilphideM  of  the  Rocky  MouiitaiiiM,  which  were  difhrtilt 
Ixith  Ix'canse  of  the  ji>isociatior»  of  liUMide  and  pyriteH  and  the  intimacy 
of  their  mixtnn',  which  HMjiiired  rather  tine  crushinj:  to  n*U'juM*  the  varioiut 
minerals.  For  half  a  century  the  treatmerit  of  this  vUvw  of  «ire  wjw  one 
of  the  preat  prohlenis  of  on*  dn'ssinj;  and  metalhiniy,  enyauinp  the  atten- 
tion of  many  invest i^rators  and  involving  the  e\|«Mnhture  of  a  \:i.st  amount 
of  money  in  e\|ierinu'nt  ami  unsueees«ful  constructions. 

As  early  as  IS.^(>  the  mixeil  sulphide  ore  of  Ix-ailville.  ('ol<»..  \\;ls  millod 
in  the  <t)nventional  way  «)f  that  time  for  the  extraction  of  its  jiaU'iia. 
the  hiende-pyrites  tailings,  together  with  cottsideraMe  galena,  U'ing  thn»wn 
awav,  or  ac»-unuilated  in  dumps  to  await  a  l>etter  method  of  treatment, 
the  wis«l«»m  of  which  was  sul>se(piently  proved.  After  a  few  years  the 
grade  of  the  available  ort>  ran  down  and.  there  InMUg  no  longer  any  pnifit 
in  the  milling  of  it.  the  .'Several  works  of  the  district  were  clo.se«l  and  later 
wen'  «lismantle<l. 

In  the  meanwhile  the  mining  companies  of  Broken  llill,  New  S)Uth 
WaU's.  confronte*!  by  a  similar  pn»l>lem,  had  lK'«'n  actively  engaged  tipon 
working  it  oiit.  and  finally  proved  the  feasibility  of  concentration  hy 
tabling  after  a  preliminary  fine  grinding,  which  attracted  attentitui  to 
that  new  method  of  c<in<«'ntration.  In  IMMi  a  new  table  was  invented 
and  introduced  by  A.  R.  Willh-y.  of  Denver.  Colo.,  which  wjis  a  gn'at 
impn)vement  over  anything  |)reviously  in  u.se,  and  furnished  new  and 
eflicient  mi'ans  for  the  wjislung  of  fine  material.  This  led  to  the  building 
of  a  new  ty|»e  of  mill  at  lieadville,  but  they  wen'  still  <mly  f(»r  the  extrac- 
tion of  galena,  there  l»eing  not  yet  any  nuirket  for  the  blende.  The  latter 
develo|j('d  in  IS'.KJ  :us  olscwhen-  descriU'd. 

New  .Jersey  t<M>  had  its  pntltlem  of  a  (lillicult  mixed  on»  in  the 
franklinite-willemite-zinkite  of  Stirling  1 1  ill  and  Franklin  Furnace.  The 
Ituig  years  «»f  efT<»rt  in  the  tn'atment  of  this  on'  have  U-^-n  n'ferwd 
to  in  other  cha|)ters  of  this  work.  Its  utili/ati<»n  :ls  raw  material  for  the 
manufaeturc  of  zinc  oxide  had  l>een  accomplished  in  IStM),  but  thLn  did 
not  a<lvanc('  its  availability  jus  a  soune  of  sjulter.  except  in  .ho  far  i\s  sfulter 
w:w  pn)duced  fn)m  certain  «»f  the  by-pn»du<t.H  of  oxi«le  manufactun*. 
No  n'al  step  in  the  latter  «lirpetion  wjw  achieved  until  Mr.  (leorge  (J. 
(*on\('rs  UK'ide  his  succe,Hsful  exjieriments  at  S>utl»  IV^thleliem.  Mr. 
Convcrs.  who  was  then  su|«erintendent  «»f  the  works  of  the  I^chigh  Zinc 
Co.,  turned  his  attention  to  ma^netie  separation  and  installed  in  \s\r* 
an  exix»nmental    plant   of   Wenstroin   -<  "^.     The  on*,   which   rc»n- 

sisted  of   '>l.*rj' ;    franklinite.  .'tl.'vS' ;    .  .  .    12.«7' ,'    ealeite.  ().*>2*'f 

zinkito,  and  ^.'A\^[  tcphroitc  and  other  mlicatej*.  wan  first  cruahc<i  to  i»as»* 
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a  lO-niesh  sieve,  aiul  was  then  mixed  with  20%  of  its  weight  of  anthracite 
coal  (buckwheat  size)  and  passed  through  a  brick-lined  revolving  cylinder, 
heated  by  gas  from  a  Taylor  producer.  The-  heat  of  the  furnace  was 
regulated  so  that  the  ore  issued  from  it  at  a  bright  red.  The  hot  ore 
was  conveyed  into  a  revolving  cooler,  around  the  surface  of  which  cold 
water  was  sprayed.  After  cooling,  it  was  sifted  to  remove  unburned 
coal  (which  was  u.sed  subsequently  on  the  grates  of  the  zinc  oxide  furnaces, 
whereby  the  small  quantity  of  zinc  retained  by  it  was  recovered),  while 
the  ore  itself  was  collected  in  bins,  whence  it  was  led  to  three  Wenstrom 
magnetic  separators,  arranged  in  series.  These  machines  were  run  so 
as  to  make  a  clean  non-magnetic  product  of  wuUemitc,  zinkite,  calcite, 
and  silicates,  and  a  magnetic  product  consisting  chiefly  of  franklinite. 
The  latter  was  sent  directly  to  the  oxide  furnaces;  the  former  to  jigs  and 
tables  by  which  the  calcite  and  silicates  were  removed.  The  final  prod- 
ucts were:  (1)  magnetic,  franklinite  and  willemite,  assaying  about  29.66% 
ZnO,  37.20%  Fe,  and  9.34%  Mn;  (II),  non-magnetic,  heavy  minerals, 
chiefly  willemite,  assaying  from  46.38%,  Zn,  3.76%  Fe,  and  6.68%  Mn. 
to  48%  Zn,  2%  Fe,  and  7%  Mn.;  and  (III)  non-magnetic,  light  minerals, 
chiefly  calcite  and  silicates.  The  process  gave  good  results;  but  the  cost 
of  the  roasting  and  the  uncertainty  of  producing  a  uniformly  magnetic 
product  led  to  further  experiments,  from  which  a  direct  separation  of 
the  minerals,  without  previous  roasting,  was  developed  by  Mr.  J.  P. 
Wetherill,  the  consulting  engineer  of  the  company. 

It  had  been  shown  by  Faraday,  I'liicker,  Wiedemann  and  others  that 
magnetism  is  an  inherent  property  of  all  substances;  which  are  either 
attracted  or  repelled  by  the  poles  of  a  magnet,  though  in  most  substances 
the  manifestation  of  that  property  is  exceedingly  feeble.  Those  sub- 
stances which  are  attracted  are  said  to  be  paramagnetic;  those  which  are 
repelled  are  diamagnetic.  The  paramagnetics  show  a  wide  variation  in 
magnetic  intensity;  tiic  diamagnetics  show  but  slight  difference  in  in- 
teasity  as  compared  with  air,  which  is  the  neutral  substance.  Taking 
air  as  unity,  the  diamagnetic  intensity  of  bismuth  is  only  0.99982  and 
bismuth  is  the  most  diamagnetic  substance  known;  on  the  other  hand, 
among  the  paramagnetics,  if  the  attractability  of  steel  be  assumed  as 
100.000,  that  of  magnetite  is  as  high  as  65,000.  Mr.  Wetherill  conceived 
that  advantage  might  be  taken  in  the  slight  variations  in  the  magnetic 
attractability  of  feebly  magnetic  substances,  which  up  to  that  time  had 
been  commonly  regarded  as  quite  non-magnetic,  to  effect  a  separation 
of  them  if  he  employed  magnetic  fields  in  which  the  lines  of  force  were 
greatly  condeased.  This  was  accomplished  by  tapering  the  pole  pieces, 
and  with  such  magnets  it  proved  po.ssible  by  suitable  adjustments  to 
effect  mineral  separations  of  great  delicacy. 

The  first  Wetherill  patent  was  dated  March  3,  1896.     This  claimed 
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bnindly  tlio  art  of  soparatiiiK  fo<'l»ly  magiM'tir  inatorial  fnun  non-mai;nrtir 
inatrrial,  tnurtlirr  with  tlir  partirular  fiirrii  of  M-parator  «li'>rrilnM|,  tin* 
es.s*Mitial  fratun-  of  which  was  thr  rUTtn»-iiiagiU't  with  ta|MTiii^  |«»U- 
pieres.  As  t4>  tlio  originality  and  nature  of  thi^  ^i^^clil  invention,  it  is 
Ik'sI  to  (piotr  from  th«»  <lr<isiou  nMiiicn*(|  in  n-sju'ct  t«»  it  in  a  suit  U'fun* 
the  IniiH'rial  (MTiiian  Tatont  Olhcr.  l)rounht  l»y  thr  Mf*  luTnirhrr  iVr^- 
werks-Akticn-VercMn  (f)wner  of  the  Mrc  lu*rni«h  separator)  against  the 
Mrtalhiruischo  (Ji'si'llschaft  (owner  of  the  NVetlierill  s<'panitor)  to  te«t 
thi'  vahthty  of  the  NVt'tlu'rill  patents.  The  decision  of  the  (M-rman  patent 
oHuf  wiLs  sinnniari/c«l  :is  follows  in  the  Knginttrimj  and  Muting  Jnurnal 
of  Nov.   17.  IIMM): 

"Claim  1  «if  the  patent  No.  UJ/JIJ,  covering;  the  pn>ress  of  separating 
the  .so-<'alled  weakly  ma^netie  suhstam-es  hy  direct  ma^neti/ation,  w 
uphehi;  the  wording  of  claims  2  and  '.i  it  wjis  found  nece.«^sary  to  change 
so  as  to  pHM-lude  a  |M).><sil>le  misinterpntation,  the  new  cont«'\t  t4»  expn'ss 
without  amhi^uity  that  the  constructioius  covered  Ity  eitln-r  of  the  two 
claims  an'  patented  only  in  so  far  as  they  serve  for  carrying  «>»il  the  proccs.s 
:»s  defined  l>y  claim  1. 

"  Forlhc  coasideration  of  the  question,  whether  the  prricess  eharaoter- 
iz<'«l  l»y  claim  I  w;is  new  and  patentahle  at  the  time  of  the  application,  it  '\n 
inunaterial  that  lonj;  Ix'fon'  the  date  of  api)lication  the  exist«'nce  of  weakly 
magnetic  and  non-magnetic  minerals  \\i\s  known,  jjcsides  the  stn»ngly 
magnetic  on's;  likewis<*  the  classihcati«»n  given  hy  .M.  Fara«lay  <>(»  years 
ago  dividing  all  substances  into  two  cla.«<.*^'s,  paramagnetic  and  diamag- 
nelic,  since  constituting  a  conunon  acqiiisition  of  .•icientifu-  an»l  technical 
knowledge,  is  liy  no  means  pn-jmlicial  U*  the  patiMit. 

"The  Application  l)«'partment  knowing  the.se  premi.ses  has  allowed 
the  first  claim  on  the  well-justified  gn)und  that  Wetherill  wjls  the  first 
to  re<ognize  the  applicahility  of  the.se  known  fa<ts  to  the  mannetic  si'para- 
tion  «»f  weakly  magnetic  substances,  without  first  transforming  them  into 
the  strongly  magnetic  state  and  t<»  «l«'nunustrate  their  .separati«»n  fn»m 
n<in-magnelic  sul»stances  u|M)n  a  commeni:d  s<;ile. 

".Magnetic  concentration  up  to  the  tiine  of  Wetherill  w:ts  de\Tlo|ie<l 
only  to  a  very  small  extent  and  still  more  limited  in  its  practical  applica- 
tion. It  N\as  principally  applied  to  the  dry  ••omentration  of  iron  ore 
which  by  nutnting  w:ls  convertible  into  ferroso-ferric  oxide  —  l"e(>.  Ie,(), 
—  thin  l)einR  consi«lere«i  the  only  iron  comfxiund  corrrspomling  in  it.** 
magnetic  prnperties  to  the  native  magnetite  and  He|»anible  by  nw^ans 
of  the  tiuignet. 

'  In  (Jonnnny  only  n  few  works  have  attempte<l  t4)  concentrate  by 
this  metliod  the  spathic  in»n  —  KeCO,    -  inters|w'r*r«l  with  zinc  blen<le. 

"This  pn»cess  involved  the  dilhcult  tjL««k  of  converting  the  spathic 
iron  by  n>a.Hting  into  femwwi-ferric  oxide  (artificial  magnetite). 
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"  It  would  be  of  no  consequence  to  investigate  here  the  difficulties 
connected  with  this  operation  and  their  chemical  causes;  may  it  suffice 
to  mention  that  in  many  cases  it  was  a  complete  failure,  in  most  other 
instances  it  proved  unsatisfactory  in  spite  of  great  expense.  The  news 
that  Wetherill's  process  required  nothing  more  than  the  ordinary  crushing 
before  separation,  avoiding  the  extremely  difficult  roasting  process,  created 
great  satisfaction  among  exjjerts. 

"  Before  Wetherill  the  efforts  of  specialists  in  this  branch  were  guided 
on  the  one  hand  by  the  sole  aim  to  improve  the  construction  of  the  mag- 
netic apparatus,  utilizing  the  achievements  of  physical  and  electrical 
sciences;  the  progress  made  in  metallurgy  relating  to  the  chemical  nature 
of  the  roasting  process,  on  the  other  hand,  stimulated  efforts  toward  con- 
verting iron  compounds,  thought  to  be  practically  non-magnetic,  into 
artificial  magnetite. 

"This  problem  was  simplified  to  a  remarkable  extent  also  from  an 
economic  point  of  view  when  Wetherill  demonstrated  the  possibility  of 
direct  separation  of  the  weakly  magnetic  substances. 

"The  statement  of  the  complainant  relating  to  the  alleged  prior  use 
of  methods  similar  to  the  patented  process,  producing  essentially  the 
same  effects,  is  incorrect.  Complainant  has  not  given  evidence  in  sup- 
port of  such  statement.  Referring  especially  to  the  old  Buchanan  sep- 
arator the  argument  of  the  defendant  has  not  been  invalidated  that  the 
Buchanan  separator  before  Wetherill's  application  for  the  patent  had 
never  been  applied  to  the  separation  of  weakly  magnetic  substances  from 
non-magnetic  admixtures. 

"  Complainant  moreover  adduced  a  laboratory  method  for  separating 
feebly  magnetic  substances  from  non-magnetic  ones,  which  in  some 
respects  bears  slight  resemblance  to  the  context  of  claim  1  of  the  disputed 
patent.  This  method,  described  by  Mann  in  Neues  Jahrbuch  fiir  Min- 
eralogie,  Geologie  and  Paleontologie,  1884,  II,  161,  in  its  entirety,  how- 
ever, would  not  justify  the  annulment  of  claim  1  of  the  defendant's  patent. 

"  In  the  first  place,  the  pu])lication  of  Mann  has  no  reference  to  con- 
centrating complex  ores  for  technical  or  industrial  purposes,  but  serves 
merely  for  solving  an  interesting  mineralogical  problem  by  analyzing 
the  constituents  of  certain  minerals,  it  being  understood  that  no  further 
utilization  or  technical  application  of  the  products  was  contemplated. 
A  conclusion  as  to  the  practicability  of  Mann's  method  for  dry  magnetic 
concentration  of  ores  was  by  no  means  evident. 

"Furthermore  magnetic  concentration  has  to  deal  with  entirely  differ- 
ent substances,  with  other  classes  of  minerals  than  those  which  Mann 
experimented  upon  in  connection  with  his  research  work. 

"  Finally  the  method  itself  is  in  a  number  of  points  essentially  different 
from  the  Wetherill  process." 
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The  right  to  the  use  <if  tlio  VVethorill  Hopnrator  was  the  nuwt  vahinhlo 
ju'<s<>t  \\hi<'h  the  I>(>high  Zinc  (V».  put  into  the  Nt-w  J«'rs<\v  Ziiu*  Co.,  when 
thi'  hitter  \V2u>«  foriuc<l  in  iSlMi.  It  wtis  ({uickly  put  into  n|)pU<'ation  at 
Frankhn  Kurnarc.  With  it«  aid  it  lx?oanie  ixMwihle  to  produce  a  willeiiiite- 
/inkito  concontrato.  jissaying  al»out  IS'",'  zinc,  o' ,'  rnanjiaiM-se,  an*!  2  to 
'.V'l  iron,  whith  wjus  a  highly  desiraMc  on;  for  s|K'lt«*r  nianufariun*,  and 
n  franklinite  concentrate,  which  wius  of  excellent  character  for  the  manu- 
facture of  zinc  oxitle  and  spicgclcisen.  By  this  separation  the  vahie 
of  the  average  ore  of  the  l-nuikHn  mine,  which  with«)Ut  the  process  wa.s 
only  al)out  $2  |)er  ton,  wjus  increased  to  $5  per  ton,  and  it  l)ecame  pmfit- 
al»le  to  extract  the  whole  of  the  great  ore  dejxtsit  of  the  mine  (estimated 
at  S.(KM»,1MH)  tons)  or  such  j)ro|>ortittn  of  it  as  tlie  metlntds  <»f  mining 
should  i)ermit,  whenever  the  market  required.  The  production  of  the 
willemite-zinkite  concentrate  le<l  to  an  increased  production  of  high- 
grade  sjH'lter,  and  the  sur|)lus  of  this  ore  was  exjxjrted  on  a  large  scale 
to  EurojM?. 

The  ifti|)ortance  of  the  Wetherill  invention  in  connection  with  the 
Franklin  mine  was  thus  of  a  wonderful  character,  hut  j)erhai>s  its  moral 
im|x)rtance  in  connection  with  the  zinc  industry  at  large  wjts  even  greater. 
The  fa<'t  that  <Mie  of  the  great  metallurgical  problems  of  the  nineteenth 
century  had  Ix'en  solved  in  so  hrilliant  a  way  hy  so  simple  means  din'<-ted 
renewed  attention  to  the  great  chiss  of  mixed  sulphitle  ores  which  had 
so  long  baffled  ingeiuiity.  It  wjis  found  that  the  jxiwerful  Wetherill 
magnets  c«)uld  .separate  blende  from  many  mixed  sulphide  ores.  es|)ecially 
the  blende  that  contained  more  or  less  combined  iron.  The  application 
of  this  proce.ss  proved  successful  in  the  cjise  «>f  the  I^eadville  ore.  In 
other  cases  it  wjus  found  that  a  suitable  nuisting  enabled  pyrites  to  Iw 
picked  out,  either  by  the  Wetherill  .separator  or  by  separators  of  hiw 
magnetic  intensity,  the  design  and  construction  of  which  was  greatly 
in)prove<l  in  view  of  the  new  and  large  demand  for  them.  The  key  to 
their  application  wjus  found  to  Ih>  in  roiusting  the  «>n>  in  just  the  right 
way  —  a  <li.scovery  whi<'h,  like  many  others,  apjx'an'd  simple  after  it 
had  iKH'n  made.  In  this  way  brilliant  success  was  a<hi<*ved  in  producing 
n  high  grade  of  zinc  concentrate  from  the  mi\e«l  blende-nuirea»ite  of 
WLscui^sin. 

The  success  of  these  processes  led  to  investigation  and  exjieriment 
on  other  lines,  resulting  in  the  invention  of  the  ingenious  electrostatic 
separat<»r.  which  is  due  t<»  Prof.  Lmien  I.  Blake  and  Liwrence  Mitrxcher 
the  Sutt«u>-Ste<'le  pneunuttic  table;  an«l  the  flotation  pnne.ss.  whitdi  wjis 
invcntetl  by  ('.  V.  Potter,  of  Atistralia.  and  jus  m(Mlifie<l  by  Delprat.  up 
to  this  date  luus  pniveil  the  U'st  method  of  separating  the  nuxetl  sulphides 
of  Broken  Hill.  N.  S.  W.  In  the  Inited  States  the  llotati«in  pn»ceN.s  him 
not  yet  found  any  extensive  application,  but  an   ingenious  modification 
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of  it  by  W.  M.  Sanders  lias  recently  enal)lecl  a  separation  to  be  made 
of  the  blentie  of  Marion,  Ivy.,  from  the  fluorspar  with  which  it  is  asso- 
ciated, that  previously  had  been  an  unsolved  problem. 

In  concluding  this  review  of  the  advance  in  the  art  of  dressing  zinky 
ores,  it  may  be  stated  that  at  the  end  of  1907  there  are  few  kinds  of  ore 
in  which  the  association  of  minerals  is  not  so  intimate  that  crushing  to 
pass  a  40-mesh  screen  fails  to  release  them  from  each  other,  which  cannot 
be  enriched  to  a  grade  of  40%  Zn,  while  in  many  cases  they  can  be  I'aised 
to  OO'^  zinc,  or  upward.  Some  ores  are  amenable  to  one  process;  others 
to  a  different  process;  others  still,  and  these  are  the  majority,  to  a  com- 
bination of  processes.  But  if  the  jjroper  process  be  applied,  most  ores 
containing  zinc  can  be  made  to  yield  a  commercial  zinc  product.  Pre- 
vious to  1896  the  ores  of  this  class  were  practically  worthless.  In  .no 
other  branch  of  the  zinc  industry  has  there  been  so  marvelous  an  advance 
in  so  brief  a  time.  The  result  has  been  an  immense  increase  in  the  avail- 
able supply  of  raw  material,  not  only  in  the  United  States,  but  also 
throughout  the  world,  of  gigantic  magnitude  and  supreme  •  industrial 
importance. 


XXII 

ZINC   SMMLTINT, 

The  art  of  zinc  smelting  is  simple  in  prinripio,  hut  rompliratrd  in 
practice.  It  (le|>entl.s  iiix)n  the  rrducil.ility  of  zinc  oxide  l)y  carlMUi,  or 
carl)on  monoxide,  or  Ixtth.  ('«»nse<|iHMitly  zinc  sulphide  —  Meride  — 
must  first  l)e  roa.sted  to  obtain  the  <»xide.  Zinc  silicate  (ZnO,  SiO,)  \a 
reducilile  directly  l>y  carhon. 

Zinc  oxide  lie^ins  to  l)e  reduced  by  carbon  at  112o°  C,  but  at  that 
tem|ierature  the  reaction  takes  place  only  so  long  us  the  presence  of  carlxm 
tlioxitle  in  the  gas  is  kept  lx'l(»\v  0.2'",'.  As  the  |ierc<'ntape  of  CO,  increjt'^es, 
the  ri'duction  tcmi>erature  al."<o  incre:ises,  ln-ing  LVK)*^  ('.  when  0.7G' ,'  of 
CX),  Ls  present.  This  Ls  one  of  the  limitations  of  the  zinc-smelting  proeess. 
H«»wever,  a.s  comnuuily  carried  «»ut,  there  is  no  difliculty  in  keeping  the 
carbon  dioxide  Ik>1ow  U.2','«.' 

The  Ixiiling  |x»int  of  zinc  is  925°  ('.  C'oa«4equently,  even  if  reduced 
at  112')°  ('..  the  zinc  is  pnuluccd  in  the  form  of  va|M)r.  If  the  reduction 
Ijc  jx^rformeil  in  a  retort  the  tt-nsicm  of  the  g:uses  tlevj-loix'tl  thcn*in  force.s 
them  out  of  the  retort,  and  by  causing  them  to  pass  thnxigh  a  tulie,  cooled 
to  415°  r>.')()°  ('.,  the  zinc  vajxir  is  conden.sed  to  li«piid  f«irm.  Zinc  smelt- 
ing Ls.  therefore,  a  process  of  distillation.  I'nder  certain  conditions, 
among  others  the  condensation  of  too  ililutc  a  g:is  or  the  t<H)  rapid  ctNtling 
of  the  gas  to  l)eIo\v  4I")°  ('..  the  zinc  may  conden.»i<>  in  solid  form,  jis  a  linely 
divided  |M)\vder.  known  :ls  zinc  dust  or  b'ue  |)owder,  which  w  objectionable. 
Kven  in  the  \)osl  regulated  zinc-smelting  process  there  w  a  certain  fonna- 
li<>n  of  blue  |¥»wder,  and  in  smelting  in  the  ele<lric  furnace,  on  a  large 
.scale,  the  pn»duct  Ls  chiefly  blue  |)owder.  The  rc:u<on  for  tliLs  Ls  yet 
unknown.  It  is  |X)Ksible  that  the  ability  to  conden.s<>  liqui<l  s|x>lter  fntm 
the  c«)mparatively  small  retorts  of  the  ordinary  furnace,  and  the  prcs«*nt 
inability  to  do  .so  fn»m  the  electric  furnace,  an'  tlue  to  rractioits  in  the 
former,  not  duplicated  in  the  latter,  os  t<»  the  nature  of  which  we  do 
not  know.  Our  knowledge  of  the  physico-ohemLstry  «»f  zinc  reduction  m 
very  n*cent  and  Ls  .still  far  froni  complete. 

Although  zinc  oxide  liegins  to  reilucc.  untler  certain  conditioiw,  at 
112.*)"  (\.  the  s|>eed  of  the  n-action  Ls  greatly  incrcaxMl  by  incrfxse  of 
tem})erature.  and  it  lieing  for  technical  considerations  im|)ortant  in  prac- 

'C.  nodUlMirr.  Zrilm-kn/t  fur  FUUntchnnie.  VIII.  xliv.  833  to  H43 
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ticc  to  complete  the  working  of  a  charge  in  24  hours,  it  is  essential  in 
practical  smelting  to  conduct  the  operation  at  a  consideral)ly  iugher 
temjx^rature.  Given  a  certain  time  for  the  distillation,  which  is  commonly 
about  IS  hours,  the  remaining  six  hours  being  occupied  in  discharging 
and  recharging  the  retorts,  the  higher  the  temj:)erature,  the  more  com- 
plete will  be  the  extraction  of  the  zinc.  But  here  enter  other  complica- 
tions. The  singulo-silicates  of  iron,  lime,  etc.,  begin  to  form  at  about 
1200°  C,  and  as  the  temperature  rises  further  more  infusible  slags  can 
form,  and  the  gangue  of  the  ore  containing  these  elements  may  give  rise 
to  slags  which  quickly  corrode  and  destroy  the  retorts  in  which  the  dis- 
tillation of  the  zinc  is  being  conducted,  to  such  an  extent  indeed  as  to 
make  the  process  impracticable.  ^Moreover,  with  increase  of  temperature, 
other  metals,  especially  lead,  distil  over  with  the  zinc,  necessitating  a 
further  refining  of  the  latter  in  order  to  produce  a  marketable  quality 
of  metal.  An  ordinary  temperature  of  distillation  is  1250°  to  1850°  C. 
The  performance  of  the  process  at  1200°C.  is  known  as  "slow  driving," 
while  1400°  to  1450°  C.  is  "hard  driving." 

Good  practice  tends  strongly  to  hard  driving,  because  the  extraction 
of  metal  is  greatly  increased,  without  corresponding  increase  in  the  con- 
sumption of  coal,  as  compared  with  "slow  driving."  The  ability  to  smelt 
at  high  temperature  is  secured  by  strong  construction  of  the  furnace, 
built  of  highly  refractory  brick;  the  use  of  dense  retorts,  made  by  hy- 
draulic pressure  of  the  most  suitable  refractory  material;  the  proper 
compounding  of  the  charge,  so  that  the  slag  that  may  form  will  be  of  the 
minimum  corrosive  character,  and  so  that  the  least  possible  matte  will 
form;  the  use  of  a  great  surplus  of  reduction  material  to  absorb  the  slag 
like  a  sponge;  and  the  design  of  furnace  that  will  ensure  the  most  equable 
temj^eroture. 

The  various  details  which  enter  into  the  practice  of  zinc  smelting 
are  so  many  and  so  complicated  that  bulky  treatises  are  devoted  to  them 
without  by  any  means  exhausting  the  subject.  The  reader  is  referred 
to  Metallurgy  of  Zinc  and  Cadmium,  by  W.  R.  Ingalls,  and  Metallurgie 
du  Zinc,  by  A.  Lodin.  There  were  originally  four  different  methods  of 
smelting,  viz.,  the  English,  in  which  the  distillation  was  effected  in  com- 
paratively large  pots;  the  Carinthian,  in  which  it  was  performed  in. small, 
vertical  retorts;  the  Silesian,  in  which  it  was  done  in  comparatively  large 
inclined  retorts;  and  the  Belgian,  in  which  small  inclined  retorts 
were  used.  The  English  and  Carinthian  systems  never  had  any  general 
application  and  are  no  longer  in  use.  In  recent  years  a  new  system, 
known  as  the  Rhenish,  which  is  a  combination  of  the  Belgian  and  Silesian, 
has  been  developed,  and  is  now  the  favorite  in  the  best  practice. 

In  a  century  of  practice  the  art  of  zinc  smelting  has  undergone  many 
improvements  in  details,  but  has  remained  unchanged  in  its  essentials. 
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It  has  l>oon  fnuiul  impnHsil)l«>  to  mndurt  the  (iiMtilhitum  HUrccAHftilly  in 
a  rolort  hohlitif;  more  than  IG7  kj?.  «»f  ore  (exrhwive  of  the  re«lurtion 
material)  ami  for  a  .xatLsfartory  tri*atment  of  hi^h-Kraile  ore  it  ha«  Iktii 
ftniml  ill  |>ra<ti«r  that  the  HheiiLxh  retort,  hohlin^  aixiut  'M  kg.  of  ore, 
LH  the  maxitiuim  that  o»ij»ht  to  Ik?  used.  The  ne«es.Hity  for  the  employ- 
ment of  surh  small  retort.s  implies  a  larpe  reipiirement  of  manual  lal>or 
per  ton  of  ore  treated,  and  it  has  l)een  s«)unht  to  re<lure  it  by  Hmelting 
the  ore  in  lanre  (piantity  in  a  hhist  furnare.  or  in  an  electric  furnace,  but 
so  far  all  efforts  in  those  directions  have  failed.  .\or  h;us  the  effort  to 
chaoje  the  small  retorts  of  the  onlinary  furnace  by  mechanical  means 
yet  proved  a  conunenial  success,  although  mechanically  it  has  Ixfu 
achievetl. 

There  arc  three  system.**  of  zinc  smelting  now  in  use.  namely,  the  liel- 
f^ian.  the  Silesian.  and  the  Rhenish,  which  are  b;i.se<l  on  the  sanje  general 
principles,  but  differ  in  the  tyjies  of  retorts  employed,  the  furnaces  designed 
to  n'ceive  them,  the  grade  and  character  of  the  ore  than  can  l>e  treate«l, 
ami  the  manner  of  manipulation.  The  primary  difference  among  the 
three  pn)ce.>vses  is  the  use  of  comparatively  small  cylindrical  n^torts 
arranged  in  several  tiers,  each  with  a  slight  inclination,  in  the  lielgian 
pnK'ess;  and  comparatively  large  muffle-shaiic  retorts  (conunonly  called 
muffles)  set  in  one  ti«'r  in  the  Silesian  pn)ce.ss.  The  Rhenish  Is  a  com- 
bination of  the  IVlgian  and  Silesian  and  Is  u.sed  chiefly  in  Rheinland  and 
Westphalia,  and  to  .some  extent  in  lielgium  and  els^'when*.'  The  lielgian 
pnM*ess  :is  us<'d  in  Wales  is  sometimes  calleil  the  Welsh-lVlgian.  althotigh 
it  presents  few  or  no  distinctive  differences. 

I'ntil  a  few  years  ago  the  Silesian  pn)cess  \\i\s  the  only  one  employecl 
in  I'pjier  Silesia  and  l*<»lan<l.  but  recently,  owing  to  the  increasing  u.sc 
of  blende  and  the  con.se«niently  richer  orrwharge.  the  Rhenish  pn>ces.s 
has  fouml  exteasivc  application  in  I'pper  Silesia.  The  smelters  of  the 
rnite«l  States  u.sc  chiefly  the  Relgian  pn)ce.ss,  but  of  late  a  mo<lified 
Rhenish  pn»cess  has  lieen  adopte<l  at  two  works.  S>me  of  the  KnglLsh 
and  Welsh  smelters  employ  the  lielgian  and  .souk*  the  Silesian  pnwess*; 
in  .Home  instances  furnaces  (»f  each  tyi»e  are  to  Ijc  foumi  in  the  .same  works. 
The  Rhenish  furnace  Ls  adopte<l  generally  by  the  smelters  of  RhenUh 
I'nissia  and  Westphalia.  In  Ii»'lgitim,  the  characteristic  funiace  tif  that 
country  is  still  the  most  ccinunonly  in   u.se.     The  Silesian  prijce-ss  was 

'  In  coiumltirM;  thr  itlil  h.ttM!-iHinki«  mitno  ntiifiDuon  will  Iw  f«iun«l  iw  io  thr  rla«- 
fimtion  of  linr-Miicltinj;  pnirtitiwn*.  Tlio  «»l<l  ."sili-w-'m  pn»rrw».  which  w  n«»w  rvrr>-»h«Tr 
nltntvionrfl,  w.i«  mtnlifHil  l»y  the  intrmiiirtion  u(  n-rtAin  fralurrsi  i»(  the  Itoleian  |in»rr«i 
nixi  Ihf  niiiiititiaUon  ijt  n-ffm-^l  tn  nn  Ihr  l»«'ljrinn-."sihi*uin  l>y  miino  o(  ihr  ciUrr  wntrr* 
(ifif  K«rl.  (;niii<irui>t  <lcr  Mctallhiiltcnkundr).  Tliw  U  tho  pnxMtw  im>w  ntmrnonly 
rru|ilny«'«l  m  I"j»I"'''  ^*"l«*««-t.  which  I  <h'«iennl«»  niniply  a*  ihc  Silowan.  ih\  the  oIIht 
h.-»n.l.  -  -  rnW  tho  Sili«<.uin  in  -•(  tho  li. '  <^l  in  Hhrm- 

lan«i,   It.,  iiin.     n»w  in  now   i-  it  {ta  iJio  1. 
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applied  at  an  early  date  at  two  of  the  works  of  the  Societe  Anon3me  de 
la  \'icille  Monta^ne  (\'alentin-Cocq  and  I'loiie),  but  was  eventually  mod- 
ifieil  into  the  Rhenish  type;  similar  furnaces  are  used  at  Viviez,  I'ranee, 
but  with  f;;as  firing,  while  at  \'alentin-Coeq  and  Flone  direct  firing  is  still 
adhered  to.  During  recent  yeai*s  there  has  l)een  a  marked  tendency  on 
the  part  of  the  Belgian  smelters  towartl  a  form  of  Siemens  furnace,  which 
in  some  of  its  features  approximates  to  the  Rhenish  type. 

The  practice  in  the  metallurgy  of  zinc  has  undergone  many  changes 
during  the  100  years  that  the  industry  has  been  in  existence,  but  the 
changes  have  been  generally  the  result  of  gradual  development  and  never 
by  the  introduction  of  a  radical  innovation.  So  gradual  has  ])cen  the 
evolution  that  many  methods  and  types  of  furnaces  have  remained  quite 
luichanged  through  long  periods  of  years.  Thus,  both  in  Belgium  and 
Kansas  there  are  furnaces  in  use  at  the  present  time  which  in  design 
date  back  more  than  30  vears.  For  the  successful  distillation  of  zinc 
ore  we  apjDear  to  be  limited  to  comparatively  small  retorts;  all  attempts 
to  effect  the  distillation  in  blast  furnaces  or  otherwise  on  a  large  scale, 
save  for  the  production  of  zinc  oxide,  have  been  failures. 

The  chief  changes  and  improvements  which  have  occurred  in  the 
metallurgy  of  zinc  during  the  last  40  years  have  been  the  following: 

1.  Replacement  of  calamine  by  blende  as  the  most  important  ore 
of  zinc. 

2.  Successful  introduction  of  mechanically  raked  furnaces  for  blende 
roasting,  this  being  especially  a  feature  of  modern  American  practice. 

3.  Utilization  of  the  sulphurous  gas  evolved  in  blende  roasting  for 
the  manufacture  of  sulphuric  acid,  which  is  done  to  a  large  extent  in 
Germany  and  Belgium,  to  a  less  extent  in  the  United  States  and  P>ance, 
and  recently  has  been  undertaken  in  Great  Britain. 

4.  Introduction  of  gas  firing,  with  or  without  heat  recuperation, 
especially  in  connection  with  the  distillation  furnaces,  leading  to  economy 
of  fuel  and  better  extraction  of  zinc  and  j^ermitting  the  construction  of 
larger  furnaces. 

5.  Manufacture  of  improved  retorts  by  means  of  hydraulic  pressure, 
leading  to  an  increased  extraction  of  zinc  and  ability  to  smelt  more  cor- 
rosive mixtures  of  ore. 

6.  Improvement  in  the  sanitary  condition  of  the  furnacemen  by  proper 
control  of  the  fumes,  etc.,  originating  from  the  furnaces;  this  is  a  matter 
which  has  received  a  good  deal  of  attention  in  Belgium,  Germany,  and 
Great  Britain,  and  little  or  none  in  the  United  States. 

7.  Introduction  of  labor-saving  devices  for  the  handling  of  material. 

8.  Utilization  of  natural  gas  as  fuel  in  the  United  States. 

The  most  important  recent  development  in  the  metallurgy  of  zinc 
has  taken  place  in  America,  and  has  been  not  the  result  of  technical  study 
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and  cxfx'rienrc.  hut  the  taking  a«lvaiilugu  of  the  iiaturul-RnM  re»wiur<'e« 
of  I\ait'<ju<. 

The  siiu'ltiiiK  of  zinc  «»rp  for  r.inc  oxhIc  in  analo^ouH  to  nnieltinf;  for 
ppelter.  hut  the  o|)»>ratinn  is  coiKhirtiMl  with  an  cxresn  of  air  (\vhi<'h  nm^t 
\ic  cari'fnlly  exchitled  fn»n»  the  sjulter  retort)  and  the  zinc*  redu<*cd  an<l 
distilled  is  immediately  hurned  to  oxide.  The  ^as  roiitaininK  the  oxide, 
which  esra|>es  fn)m  the  furnace,  is  purified  fnuM  dust  l»y  allowing  the 
latter  to  M'ttle.  and  after  cooling  is  {Kissed  lhn)UKh  cotton  chith,  which 
strains  out  the  oxi<le.  The  o|)cration  luw  certain  diJliculties  of  it«  own, 
but  is  free  fn)m  most  of  those  which  arc  troublesome  in  the  pmduction 
of  sfieltcr. 

We  have  scon  already,  in  the  previous  chapter,  how  zinc  was  pro- 
duced exjH'rimentally  in  the  I'nitecl  States  aa  early  jus  is.'is,  at  which 
time  the  imhistry  w;us  f)nly  jtist  l)ecominj;  estalilishe«l  on  a  sure  footing 
in  Kun>|H\  In  ISIO  the  t<»tal  production  of  .sjx'lter  in  Kuroi>c  wjus  f»nly 
a  little  more  than  17.(HK)  tons;  in  IS.'M)  it  had  l>een  less  than  .')<MK)  tons. 
Ikitween  1.S41  and  IS.'M)  varioiis  attempts  to  smelt  zinc  in  the  I'nited 
States  were  made,  hut  the  only  on»  then  availalilc  was  the  red  oxide  of 
New  Jersey,  which  wjis  mixe<l  with  willemitc  and  franklinite  in  stich  a 
way  that  a  clean  .'reparation  c«>uld  not  Ik*  economically  effected.  The 
only  thing  that  could  l>c  done  wjus  to  .separate  the  ore  by  hand-sorting 
as  well  :is  po.K.sible,  but  appaa-ntly  it  wits  im{x).ssible  to  effect  a  clean 
separation  in  that  way. 

The  regular  manufacture  of  zinc  was  first  undertaken  in  1S')()  at  .Newark. 
.N.  J.,  by  Hichard  .lones.  the  on?  IxMiig  charged  into  Itc-lgian  retorts  jiist 
as  it  came  from  the  mine.  The  ex|)i'riment  pn)ved  a  failure  owing  to 
exce.ssive  breakage  of  the  retorts  due  to  the  high  tenor  of  the  <»rc  in  inui 
and  manganese.  Attention  w:us  then  directed  to  recovery  of  the  zinc 
as  oxide,  an<i  a  furnace  eonstructe<l  of  fire-brick  with  a  large  clay  nnifflf 
was  designed,  which  withstiKxl  the  corn>sion  U'tter  than  the  Ik>lgian 
retorts.  A  row  of  these  wius  erected  in  connection  with  a  nuislin  bag 
apparatus  (invente<l  by  Sjinuiel  T.  .lones)  to  collect  the  fume,  ami  the 
regular  manufacture  of  zinc  oxide  w:is  Itegun.  In  IS/il  Sjtmuel  Wetherill. 
of  Philadelphia.  invente«l  the  process,  since  known  :is  the  Wetherill  prt>ress, 
by  which  the  extra ne<»u.sly  heated  muffle  wjis  done  away  with.  The 
ore  mi.xed  with  anthracite  coal  wjus  thn>wn  in  a  layer  3  to  4  in.  thick 
upon  a  hearth  comjwKsod  of  |x>rforate<l  cjist-iron  plates.  1  in.  thick;  the 
door  was  clo.so<l  and  coM  air  blown  under  the  grate,  which  pttssing  thn>ugh 
the  charge  raised  the  temjieraturp  to  such  a  |ioint  that  the  ore  in  contact 
with  the  carlM»n  wjlh  re<Iuced  to  metallic  zinc,  va|)onzcd  an<l  oxiilized. 
passing  <»ff  as  a  white  smoke  to  the  collecting  appanittis,  where  the  pHwl- 
ucts  «if  combtistion  strained  thn>ugh  the  muslin,  leaving  the  oxide  inside 
the  bags.     Thw  procc«s»  pmwd  »o  Bucccsftful  that  it  was  introduced  imn>e- 
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diatcly  ami  has  reiiiaincd  in  use  without  essential  change  up  to  the  present 
time.  It  was  one  of  the  few  important  contributions  that  America  has 
made  to  the  metalhirgy  of  zinc.  Works  for  the  manufacture  of  zinc 
oxide  were  put  in  operation  at  Jersey  City  in  1854,  this  being  known 
as  the  Passaic  Zinc  Works. 

Attempts  to  pro(hice  spelter  were  not  given  up.  In  1S5G  the  Lehigh 
Zinc  Co.  of  South  Bethlehem,  Pennsylvania,  caused  to  be  erected  a  spelter 
furnace  of  the  Silcsian  type  at  its  mine  near  Friedensville,  four  miles 
south  of  Bethlehem.  This  furnace  failed  to  yield  any  zinc.  Neither 
the  anthracite  coal  nor  the  retort  clay  seemed  to  be  adapted  to  the  pur- 
pose, while  the  ferruginous-calcareous  character  of  the  ore  obtained  at 
Friedensville  was  a  continual  source  of  trouble.  It  was  not  yet  known 
in  America  how  to  smelt  such  ore. 

In  1857,  F.  W.  Matthiessen  and  E.  C.  Hegeler,  who  had  just  come  to 
the  United  States  from  the  school  of  mines  at  Freiberg,  Saxony,  obtained 
jTermission  from  the  company  to  experiment  on  their  own  account  at  the 
abandoned  plant.  They  did  it  on  a  small  scale,  using  one  muffle  placed 
in  a  kiln  altered  for  the  purpose.  They  demonstrated  that  anthracite, 
as  well  as  New  Jersey  clay,  could  be  used,  and  made  some  spelter  in  this 
experimental  way,  but  failed  to  come  to  an  agreement  with  the  owners 
of  the  property  for  building  works,  largely  on  account  of  the  financial 
crisis  prevailing  at  that  time.  They  then  turned  their  attention  to  the 
West,  where  they  studied  the  zinc  deposits  of  Wisconsin,  and  late  in 
1858  began  the  erection  of  the  present  works  at  Lasalle.  Lasalle  was 
selected  as  the  point  where  the  Illinois  coal  field  approached  nearest  to 
the  Wisconsin  zinc  mines.  The  Joplin  mines  were  unknow^n  at  that 
time.  The  works  at  Lasalle  went  into  operation  in  1860,  and  have  con- 
tinued without  interruption  to  the  present  time. 

In  the  meanwhile  experiments  were  still  carried  on  in  New  Jersey 
and  Pennsylvania  by  Samuel  Wetherill,  Joseph  Wharton,  and  others, 
who  tried  furnaces  of  various  types.  Samuel  Wetherill,  the  inventor 
of  the  furnace  for  the  manufacture  of  zinc  oxide,  which  was  then  in  suc- 
cessful use,  produced  some  metallic  zinc  at  South  Bethlehem  as  early  as 
1858,  but,  although  he  persevered  for  about  two  years,  and  made  in  all 
about  50  tons  of  excellent  spelter,  the  cost  of  production  was  too  high 
and  his  enterprise  was  abandoned.  The  first  sheet  zinc  made  in  the 
United  States  was  rolled  by  Alan  Wood  &  Sons,  of  Philadelphia,  from 
an  ingot  of  Mr.  Wetherill's  spelter.  In  1859  Joseph  Wharton  built  for 
the  Lehigh  Zinc  Co.,  with  which  he  had  Ijeen  associated  since  1851  as 
stockholder  and  afterward  as  manager,  a  Belgian  spelter  furnace  of  about 
45  retorts,  which  he  operated  with  the  aid  of  several  workmen  imported 
for  the  purpose.  The  fuel  employed  was  Pennsylvania  anthracite;  the 
retorts  and  condeasers  were  made  mainly  from  the  fire  clay  of  Perth 
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AmlMiy.  N.  .).,  thr  on*  \\a>  obtftlnod  fn»iM  the  Ix*hi(;ii  Zinr  CV».'m  iiiino 
near  rriiMlt'iusvilU'.  Tlir  rutin*  r«>.si  of  ilu^  cxiMTiinciit,  iiirltiiliiiK  the 
imiMiTtatioi)  of  workmt'ii.  ciuLstrurtion  of  fiirnarc,  UhAh,  and  all  coHatcral 
t'Xjx'a-rs,  wjus  $.'J.7l).'i.S'J.  Thr  ({itantity  of  w|wItor  pnxhirtMl  wiu<  .'M,(MKi 
Ih.  This  KiHMvshful  t'X|>frimiMjt  <)f  Mr.  Whart«»n  \v:ls  tht-  iM'^iiiiiiiiK  «»f 
the  iiianufartiirr  of  inetalhc  /.iri<-  in  thi.s  country  on  a  ronwneri'ial  ha^ix. 
liuiniMhati'ly  aflerwani  Mr.  Wharton  huilt  at  the  work.s  of  thi?  Iit■lli^h 
Zinc  C\>.  a  c«»in|)Ictc  f<m*lt«'r  phmt  of  10  iV-l^ian  furnacf.*<,  which  he  oj«r- 
atod  for  his  own  account  under  \vi\se  from  the  company  with  unhn»kcn 
.•iucce.«vs  until  \SVu\,  when  ho  n-tircd  from  the  l)U>inc.ss.  Aft<'r  that  (hite 
work.s  wen*  huilt  at  Newark.  Jersey  City,  and  Iierneni>oint,  N.  .1..  and  at 
Fricdeitsvillc,  IVnn.,  mo.st  of  these  luistcrn  furnaces  Ix^in^  in  connection 
with  phmts  for  the  manufactun*  of  zinc  oxide. 

In  the  West,  the  second  works  to  Ik*  installed  wjls  a  small  plant  at 
I'oto.xi,  Washington  County,  Mo.,  erected  liy  (ic«»r);e  Hes.selmeyer  in 
|S»)7,  which  ran  only  for  a  short  time.  Then  followe<l.  in  IHO'.J,  .sc-vcral 
Works  at  St.  I>ouis.  amonn  which  the  (ilendale  (now  owimmI  hy  the  lidiiar 
Zinc  Co.,  a  subsidiary  <»f  the  I'.  S.  Steel  Corjxiration)  has  continued  in 
regular  (»i)eration  up  to  the  |)resent  time.  The  IIIinoi.s  Zinc  C4».  Imilt 
at  Teru.  III.,  in  ls7().  The  W(»rks  in  Illinois  obtained  their  ore  su[»ply 
fn)m  WiscoiLsin;  those  in  Mi.ssouri  were  supplied  with  calamine  mined 
in  the  southeastern  part  of  that  State.  When  the  Joplin  on*  came  into 
the  market,  in  IS7.'J,  the  smelters  of  Intth  .Mi.ssouri  arid  IIIinoi.s  were  en- 
dowe<l  with  a  new  and  l)ountiful  sup|)ly  of  orr.  which  put  them  on  a 
stn»nj;  footing.  A  little  later  works  were  built  at  Weir.  Kansas,  by  Hr»UTt 
Ijinyon,  who  had  previously  Ufn  engapeil  in  zinc  smeltinjr  at  Lxsalle. 
III.,  whither  he  had  removed  fn>m  Mineral  I'oirjt.  Wis. 

The  zinc  iiuhistry  in  the  I'nited  States  has  Ih^mi  chara«ieri/ed  bv 
rapi<I  devel«»pmcnt  in  n'sfK'ct  to  pnxluction.  The  technical  an«l  econoni- 
ical  <l<*velopmenl  ha«  l)ecn  slow  «in  the  other  hand,  and  U|)  to  a  few  years 
a*:o  the  same  tyfx*  of  distillati«»n  furnace  wjis  in  use  as  at  the  tin>e  of  the 
inception  of  the  industry  in  this  <ountry.  The  Wetherill  pn»cess  for  the 
manufacture  of  zinc  o.xidc  directly  fnim  ores  w  the  nuwt  imjiortant  con- 
tribution that  has  Ixvn  made  by  Anierican  encirnTn*  to  the  n  • 
of  zinc.  Apart  fn>m  that  the  niost  distinctive  fcitun*  in  .Vmen 
tice  has  l)eon  the  succcsHful  a|)()lication  of  mechanical  majtting  furnaces 
to  the  desulphurizati<m  of  l>lende.  ,\l>out  IS*).')  the  discoverv  <»f  natural 
f;as  at  lola.  Kan.,  itnd  the  buihliriK  <d  zinc  smelteries  at  that  |Miint  U^^an 
a  chanjje  in  the  American  zinc  industr>'.  which  liecame  a  radical  one. 
In  New  Jersey  the  sticci'ssfiil  development  cd  the  Wetherill  pmcess  for 
the  magnetic  .separation  of  franklinite  ami  willemite  pn»veil  of  great 
importance,  and  by  directing  attention  to  means,  magnetic  or  othennise. 
for  the  separation  of  the  mixed  sulphides  <d  the  West  was  an  innovation 
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ill  the  metallurgy  oi  zinc  of  far-reaching  results.  It  is  noteworthy  that 
the  two  great  contributions  of  America  to  this  art  have  both  been  asso- 
ciated with  the  name  of  Wetherill. 

We  have  seen  how  the  early  attempts  at  zinc  smelting  in  the  United 
States  were  defeated  In'  the  diliicult  character  of  the  only  ore  that  was 
available  and  how  for  that  reason  the  manufacture  of  zinc  oxide  directly 
from  the  ore  —  an  entirely  new  process  —  became  a  commercial  success 
before  the  manufacture  of  sj^elter.  The  ore  of  New  Jersey  was  ferru- 
ginous, manganiferous,  and  calcareous  —  about  the  worst  combination 
that  can  be  conceived.  That  of  Friedensville  was  only  a  little  less  diffi- 
cult, being  ferruginous  and  calcareous.  About  18G0  the  Lehigh  Zinc 
Co.  succeeded  in  smelting  the  Friedensville  ore,  but  the  manufacture  of 
spelter  from  the  New  Jersey  ore,  up  to  the  introduction  of  a  successful 
process  of  magnetic  separation  in  1S92,  was  confined  to  the  working  up 
of  by-products  from  the  zinc  oxide  and  spiegeleisen  departments  together 
with  such  little  clean  ore  as  could  be  obtained  by  hand-sorting.  Con- 
siderable ore  supplies  also  were  brought  from  Virginia  to  the  works  in 
New  Jersey  after  the  mines  of  that  State  had  been  opened.  The  Wis- 
consin ore  which  became  available  at  Lasalle  and  Peru  was  of  easily- 
smelting  character,  and  the  industry  established  there  developed  without 
any  special  drawback.  The  Joplin  ore,  which  soon  came  into  the  market, 
was  almost  the  ideal  ore  for  zinc  smelting. 

Something  of  the  early  history  of  zinc  oxide  manufacture  has  been 
related  in  the  chapter  on  zinc  mining.  Originally  it  was  thought  that 
only  the  red  oxide  ore  was  adaptable  to  that  process.  It  was  known 
that  franklinite  also  was  reducible,  but  it  was  believed  that  the  willemite 
(anhydrous  zinc  silicate)  associated  with  the  franklinite  was  irreducible, 
and  in  attempting  to  use  that  class  of  ore  failure  was  experienced.  Of 
course  it  is  now  well  known  that  zinc  silicate  is  directly  reducible  by 
carbon  —  and  perhaps  it  was  even  then  known  in  Europe  —  if  the  tem- 
perature be  sufficiently  high,  and  doubtless  the  failure  in  the  New  Jersey 
oxide  furnaces  was  due  to  the  inability  to  attain  the  proper  tempera- 
ture. 

In  the  course  of  time  the  red  oxide  ore  became  so  scarce  that  it  cost 
the  New  Jersey  Zinc  Co.  S27  a  ton,  while  franklinite-willemite  ore  was 
available  in  large  quantity  for  the  mere  cost  of  mining,  $1  or  $2  per  ton. 
In  1866,  according  to  testimony  in  one  of  the  many  lawsuits  over  the 
New  Jersey  mines,  it  was  found  that  the  zinc  silicate  of  the  franklinite- 
willemite  ore  could  be  successfully  reduced  in  the  oxide  furnace  by  the 
addition  of  a  small  proportion  of  lime.  Thereafter,  this  class  of  ore  be- 
came the  great  source  of  zinc  oxide.  The  process  was  originally  made 
a  success  by  the  filtering  bags  invented  by  Samuel  T.  Jones  and  the  fur- 
nace with  perforated  cast-iron  grate  and  under-grate  blast  invented  by 
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.*<atmirl  Wotlirrill.  Kvcn  »ip  t<»  the  pn'MMil  lime  thcrr  hnn  }»oon  nn  ojwon- 
tial  inodirK-atioii  nf  the  original  prixcss,  cxropt  the  ui*c  of  lirnc  in  IMM), 
and  the  intnxliu'tion  of  incrhaniral  ineatut  for  haiKiling  the  orr  and  material, 
improved  marhiner>'  (engineK,  fanw,  etc.),  and  an  improved  d«(ign  of  bag 
hoiLso. 

The  f'lrxt  Hpeltcr  furnjircs  employed  in  the  liiited  States  were  of  the 
old  dircrt-finMl  Belgian  tvfie,  f*urh  as  were  ext<*n>ively  u.ne*!  in  iVdgitim 
at  the  same  time.  I'p  to  a  few  years  ago,  itoK^^ihly  even  now,  furnaecH 
of  the  same  tyfie  only  slightly  impn»ve<l  were  in  use  in  IVlginm,  and  aa 
late  a8   IMM)  I  saw  in  the   I'nited  Stales  furnace.s  dating  fn>m   1869  (of 


Drigian  Furnaot*,  «wrd  in  Karuw.*. 
1H73-IWW 

•oiifM'  with  many  n'l>mldmg>)  whirh  prr^«i\i<i  in.-  itld  lines,  inrluding 
rhe  nine  rows  of  retorts  and  the  arch  in  the  fn»nt  wall  (to  sup|iort  the 
roof  arrh.  f«ir  whirh  the  charge  was  mixe<l  by  hanrl  on  the  f1<Mir  in  front 
of  the  fnrnare  in  the  primitive  way.  As  late  as  IS'.HI  al.no  I  saw  n'tortfl 
made  by  hand  in  the  I'nited  States.  These  instances  show  the  con.'vrva- 
tism  that  has  existed  in  the  zinc  industry,  lM>th  in  Ktimjie  and  the  rnite<l 
.*^tates.  It  has  lieen  more  prt»nounced  in  the  latter,  l>ecausc  until  recently 
there  were  comparati\Tly  few  trained  metalltirgical  engineers,  and  most 
of  the  smelters  were  content  to  follow  blindlv  the  lead  of  those  who  had 
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gone  before.  Consequently  there  was  little  or  no  progress.  E.  C.  Hegeler 
was  jiractically  tlie  only  one  of  the  early  zinc  metallurgists  who  displayed 
noteworthy  originality.  Some  of  his  innovations  have  been  of  question- 
able value,  but  in  the  history  of  zinc  smelting  in  America  his  name  cer- 
tainly stands  with  that  of  Wetherill. 

For  roasting  the  blende,  the  Freiberg  furnace  and  a  form  of  shelf 
burner  with  five  or  more  hearths,  both  types  being  raked  by  hand,  were 
commonly  used.  Calamine  —  which  in  Missouri  is  chiefly  zinc  silicate 
—  was  calcined  in  brick  shaft-kilns.  At  Bethlehem,  Penn.,  lump  blende 
was  burned  in  grate-kilns,  and  at  one  time  also  in  heaps,  the  finishing 
roast  being  done  in  a  reverberatory  furnace.  Retorts  were  made  by 
hand.  The  furnace  charge  was  mixed  on  the  floor  in  front  of  each  fur- 
nace, and  all  the  work  about  the  latter  Avas  done  by  hand.  In  New 
Jersey  and  Pennsylvania  the  furnaces  set  right  on  the  ground  and  had 
no  cellars.  Two  charges  per  24  hours  were  worked,  especially  in  the 
East.  On  the  whole  the  New  Jersey-Pennsylvania  practice  was  decidedly 
better  than  the  Kansas-Missouri  until  only  a  few  years  ago.  The  only 
remarkable  progress  w^as  in  Illinois.  Up  to  1901  the  general  practice 
in  smelting  in  Kansas  was  little  less  than  shocking. 

Previous  to  1896  all  of  the  smelters  of  Kansas  and  western  Missouri 
employed  the  same  methods  that  were  adopted  when  the  zinc-smelting 
industry  was  first  established  there  during  the  decade  1870-1880.  A 
description  of  their  conditions,  written  by  F.  L.  Clerc  in  Mineral  Resources 
of  the  United  States  for  1882  is  so  accurate  an  account  of  the  conditions 
at  most  of  the  works  at  Pittsburg,  Kan.,  and  vicinity  in  1900  that  it  is 
here  reproduced  (slightly  condensed) : 

"The  furnaces  are  built  with  the  ash-pits  above  the  ground,  with  a 
sloping  bank  of  earth  or  cinder  leading  up  to  the  furnace  floor.  The 
buildings  are  scarcely  more  than  sheds,  and  are  huddled  together  with 
little  regard  to  their  mutual  relation.  The  first  cost  of  the  buildings  is 
inconsiderable.  In  the  smelting  process  the  cheapness  of  the  fuel  renders 
economy  in  this  direction  unimportant,  and  the  cheapness  of  living  makes 
labor  obtainable  at  wages  as  low  as  anywhere  in  the  country.  The  works 
are  usually  owned  by  partners,  who  do  the  work  of  salaried  employees, 
and  consider  as  profit  what  would  be  only  the  interest  on  their  money 
and  their  wages  at  some  other  occupation.  The  furnaces  roughly  con- 
structed of  inferior  material  will  not  long  sustain  the  heat  required  to 
exhaust  the  zinc  from  the  cinder,  and  it  is  the  accepted  opinion  that  there 
is  no  economy  in  "butchering"  the  furnace  for  the  sake  of  a  small  addi- 
tional percentage  of  metal;  it  is  preferred  to  increase  the  production  of 
the  furnace  and  to  reduce  the  cost  of  labor  and  fuel  by  increasing  the 
charge  of  ore  —  in  other  words  to  butcher  the  ore  and  save  the  furnace. 
At  the  same  time  the  personal  supervision  of  the  proprietors  and  their 
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Intimate   knowlrdgp   (»f  the   hiisincKs   makrs    [M»s.sil>lr   rr^iiltM   that   r«Mili| 
Hot  Im-  rxju'cted  by  ft  rnmpany  iinorntiiiK  <»n  a  lanjrr  mmiU'." 

Since  Mr.  Clen*  \vn»te  jw  alM)ve  there  were  <if  rf»iir»»c  jwinio  iinpmve- 
inriits  in  the  ohirr  l\an.«:Ls  ancl  Mi.K.*«o(iri  workn,  and  dwrinK  the  def'U'le 
1S!N)  I<MN)  most  of  them  jisissed  out  of  the  hands  of  iixhvidnal  pn>|irietorM 
into  th«>s<'  of  joint  stork  rompanies,  hut  the  smelting  prartiee  cotitiinietl 
t<»  l»e  very  backward  in  many  n'spcM-t.s.  Neverth«'l«'ss  many  of  thex* 
phmts  earned  forttincs  for  il-i--  owners.  'I'hi-  ■-  t't.rii,..,-  fxplain*--!  '  • 
Mr.  den",  im  follows: 

"  Hut  the  most  se<Mirc  advantage  these  works  have  «»ver  those  at  a 
distance  comes  dinM'tly  fn»m  the  manner  of  buying  the  on*.  It  has  fw^'ij 
wen  that  ores  are  not  sold  (»n  tlwir  contents  <»f  nn'tal,  atid  that  the  miners 
are  al»solwtely  igimrant  of  their  value;  ores  differing  'i  or  0','  an*  <»ften 
held  at  the  same  pri<'e.  A  p<'rs«>nal  knowle<lge  of  the  on-s  of  particular 
diggings,  and  their  l)chavior  and  yield  in  the  furnace,  often  enables  these 
smelters,  by  a  slight  advance  in  price,  to  pick  up  desirable  lots  of  ore, 
and  at  the  same  time  rai.sc  the  price  of  all  the  ore  hehl  in  the  neighlM»r- 
hocMl.  The  smelters  at  a  distance,  buying  in  very  much  larger  quantities 
through  agents  who  arc  ignorant  of  other  branches  of  the  business,  are 
placed  at  an  evident  disadvant;ige.  This  system  of  |)ersonal  supervision 
of  all  branches  of  the  business  by  the  owners  of  the  works  is  clearly  appli- 
cable only  to  very  small  works;  while  lalM>r-saving  machinery  an<i  faciliticH 
for  handling  the  «»re  can  <inly  attain  the  maximum  economy  when  large 
amounts  of  material  arc  to  l>e  handled — con.xe(|uently  when  the  works 
are  large,  and  the  machinery  is  cf>nstantly  kept  employe<l.  On  the  either 
han<l,  under  these  favorable  circumstances,  in  every  pmsjien>»w  owner 
of  a  mining  l«»t  an<l  in  every  enterprising  furn.u*e  brigadier  Ls  t<i  lie  seen 
the  [K»ssible  pr«»prietor  of  a  new  smelting  works.  It  is  fn»m  lack  of  sufli- 
cient  capital  at>d  knowledge  of  the  commenial  part  of  the  business  to 
market  their  pHxluct  advantageously  that  the  weakness  of  such  com- 
panies mainly  ari.ses.  The  accumulation  of  n  few  months'  metal  is  suffi- 
cient to  tie  up  all  their  capital  and  exhaust  their  av:iilable  credit.  Sales 
are  made  thmugh  commLssifin  men,  with  «»nlers  to  .s«»ll  the  metal  for  what 
it  will  bring.  Large  coasumers,  knowing  the  cf>nditii»n  <»f  affairs,  are 
careful  to  get  the  l«»west  bids  liefore  making  purehases.  Ijirgp  njetal 
house.",  who  might  othenvLse  dL^jHise  of  the  wliole  prtnluct,  are  not  di>- 
pose<l  to  have  nuich  to  do  with  it;  for  n«»  price  alnive  ncimil  e<tst  is  wife 
to  buy  the  metal  at  in  onler  to  sell  it  again.  (Vcasional  giKwl  sale;*,  or 
cheap  lotfl  of  ore.  give  imcertain  i)n»fits;  and  a  slight  ri.se  in  the  price  of 
metal  is  sufhcient  to  "fire  in"  new  funiaces.  I'nder  such  cireunwtances 
no  real  advances  in  the  metallurgy  of  xinc  nre  to  lie  exporto<I. 

"Two  companies  contrr)lling  large  Nwlies  of  mincml  lanti  —  the  South- 
western I>ea»l  anti  Zinc  Co.  and  the  Granby  Mining  ami  Smelting  Co.  — 
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liavo  been  driven  to  undertake  the  .sineltinf:;,  in  p;irt  at  least,  of  their  own 
ores,  in  the  lio|x?  of  obtaining  a  certain  sale  for  their  ore  product,  which 
will  enable  them  to  pursue  some  definite  policy  in  the  management  of 
their  mines.  The  luidertaking  is  not  without  its  difficulties  in  the  present 
state  of  the  zinc  industries.  The  strength  of  their  position  lies  in  their 
ability  to  sujiply  their  works  with  ore,  without  the  risk  of  carrying  a  large 
stock  on  hand,  and  at  the  same  time  to  develop  their  mines  and  increase 
the  amount  of  their  royalties  and  their  profits  from  lead  smelting." 

The  two  mining  companies  above  referred  to  entered  the  smelting 
business,  the  Granby  company  erecting  a  works  at  Pittsburg,  Kan.,  and 
the  Southwestern  company  building  at  Rich  Hill,  Mo.  Both  showed  a 
desire  to  improve  the  commonly  existing  smelting  practice  and  installed 
Siemens  furnaces  of  the  same  type  as  used  at  Peru.  However,  these 
furnaces  did  not  prove  entirely  successful  either  at  Pittsburg  or  at  Rich 
Hill,  and  consequently  the  other  smelters  of  the  district  could  not  see 
any  inducement  to  adopt  them,  and  gas  firing  received  a  setback  from 
which  it  did  not  recover.  The  failure  of  the  Siemens  furnace  in  Kansas 
and  Missouri  appears  to  have  been  due  chiefly  to  ignorance  as  to  the 
proper  management  of  it  and  its  accessory  gas  producers.  The  latter 
were  of  the  original  Siemens  form,  which  is  now  recognized  to  have  been 
seriously  defective.  The  same  producers  were  installed  in  the  beginning 
at  Peru,  111.,  but  in  course  of  time  were  abandoned  in  favor  of  more  modern 
and  efficient  forms. 

Aside  from  the  matter  of  the  furnaces  these  attempts  of  mining  com- 
panies to  engage  in  the  smelting  business  did  not  prove  commercially 
successful  and  after  some  years  were  abandoned;  the  Granby  works  were 
dismantled  early  in  the  nineties,  but  the  Rich  Hill  works  have  been  oper- 
ated rather  steadily  by  lessees,  who  have  used,  however,  direct-fired 
Belgian  furnaces  erected  near  the  old  Siemens  furnace.  The  conditions 
of  ore  production  in  the  Joplin  district  have  never  been  favorable  to 
company  operations  on  a  large  scale.  The  mining  company  controls 
only  the  ore  which  it  mines  from  its  own  land.  In  the  case  of  ore  mined 
in  leased  land,  or  ore  mined  b}'^  sub-lessees,  other  persons  have  a  contrac- 
tual interest  in  the  production,  and  it  has  been  found  alm.ost  impossible 
to  reconcile  the  various  interests  in  agreement  upon  a  broad  policy  having 
the  future  in  view  rather  than  the  immediate  present.  It  is  only  since 
1901  that  there  has  been  any  material  change  in  this  respect  and  a  ten- 
dency among  the  mining  companies  to  reenter  the  smelting  business, 
in  which  the  Granby  company,  purchasing  a  smeltery  at  Neodesha,  Kan., 
in  1901,  was  again  the  leader.  Since  then  its  lead  has  been  followed 
by  the  United  Zinc  Companies,  and  the  American  Zinc,  Lead  and  Smelt- 
ing Co.,  two  of  the  most  substantial  of  the  Boston  companies,  which 
became  interested  in  the  Joplin  district  in  1899. 
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In  Now  Jersey  and  IVnttsylvanin  llio  prartice  in  zinr  HfnoltinR  rpmain«*«I 
OH  harkwanl  a«  in  the  West.  The  only  esjM'ntial  WifTerr-nre  wait  a  mtuyv- 
\vh;»t  U'tter  ronj*tnirtion  of  the  fiirnareK.  Tiie  latter  wvn*  direct  '  -  ' 
li*lnians,  Iml  were  <hara<'teriz«Ml  |»y  ahsiMirc  «)f  (•(•liars  into  wliirji  ., 
and  resitlue.s  rould  Iw  dro|)i»e<l  fnr  eiusy  removal.  The  furnaeeH  were 
Ituilt  up  simply  from  the  (liM.r,  with  only  a  .hIimIIow  itsh-pit  under  the 
urate,  and  the  residues  wen*  raked  out  of  the  retnrt.s  to  fall  <»n  the  (liK»r 
in  fn»nt  of  the  furnace,  whence  they  had  t«»  Ijc  rvmoved  l»y  MhoveliiiK. 
The  furnaces  were  desijjned  f«>r  the  use  of  small  sizes  <if  anthracite,  which 
was  burned  with  an  umler-grate  hhtst.     They  were  divided  by  a  longi- 
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libit  ilbt  ion  Fiirtum'  iM*(i  in  New 
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ttidinal  wall  and  a  transverse  wall  into  fntir  s<'r  tmri-^  cis  wen-  aUn  s«»me 
of  the  Western  furnaces),  but  after  a  while  the  traitsverx*  walls  were 
«»mittc<l.  The  relortj*  were  eylindrical,  but  were  only  GJ  t4>  7  in.  in  inler- 
h:d  diameter,  iitstead  of  the  S  in.  commnii  in  the  West.  The  hiwer  rt»w 
<'f  retorts  wjus  protected  from  the  radiate<i  heat  of  the  fire  by  a  n»w  of 
thick  lulios,  called  cannoas,  nUnit  the  same  n'lrc  un  the  ret«»rt.H,  but  o|)en 
at  l)oth  ends.  There  were  cmtunonly  s<>ven  rows  of  retorts,  224  retort.s 
|««T  furnace  massive,  or  "block."  The  retorts  were  charjje*!  twice  jier 
24  houn«  and  pmlonps  were  ti.sed.  In  other  res|)orls  tlic  works  were  <»f 
; ''  '  '  '  -n.  The  ore  to  U'  smelted  Uiiur  of  o\idize«l  char 
were  not  re<juin'd  except  at   l-'ri«'«leiisville  and   It 
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hem.  The  works  built  at  PuUiski,  \'a.,  in  1S79,  was  unique  in  the  instal- 
hition  of  furnaces  with  only  one  range  of  retorts,  instead  of  two,  and  the 
emplovnicnt  of  retorts  of  larger  diameter  than  commonly. 

While  the  smeltere  of  Missouri-Kansas  and  New  Jersey-Pennsylvania 
remained  for  many  years  at  a  standstill  in  their  smelting  practice,  those 
of  Illinois,  esix'cialh'  Matthiessen  &  Hcgeler  were  making  noteworthy 
advances.  ^Ir.  Edward  C.  Hegeler  early  directed  his  attention  to  gas 
firing  and  showed  that  it  practically  eliminated  the  restrictions  as  to 
height  of  a  distillation  furnace;  only  since  it  would  have  been  inconvenient 
to  build  and  operate  a  furnace  so  high  as  his  system  of  firing  permitted 
he  built  a  very  long  furnace  and  turned  the  gas  in  at  one  end,  which  came 
to  substantially  the  same  thing  as  if  he  had  built  a  furnace  of  equal  height 
and  turned  the  gas  in  at  the  bottom.  This  was  accomplished  by  intro- 
ducing the  quantity  of  gas  required  to  heat  the  whole  furnace  and  burning 
it  gradually  by  the  introduction  of  air  at  intervals. 

Hegeler's  first  large  furnace,  which  was  erected  in  1872,  had  a  long, 
high-arched  combustion  chamber,  40  ft.  long,  containing  408  retorts 
(204  per  side),  arranged  in  five  rows.  In  connection  with  this  furnace 
there  were  many  jjeculiarities,  which  were  abandoned  in  later  construc- 
tions, but  the  general  principle  has  remained  unchanged  and  the  length 
of  the  furnace  \^as  increased  finally  to  1008  retorts,  but  that  was 
found  to  be  too  long  for  satisfactory  working  and  the  number  was  reduced 
to  864.  As  to  whether  these  excessively  long  furnaces  are  good  or  bad 
practice  is  more  properly  the  discussion  of  a  metallurgical  treatise  than 
an  historical.  It  is  sufficient  to  remark  that  their  use  has  been  confined 
to  Lasalle,  111.,  and  to  works  in  the  natural  gas  field  of  Kaasas,  where, 
however,  the  tendency  has  recently  been  somewhat  against  them.  How- 
ever, the  long  Hegeler  furnace  certainly  had  the  important  result  of 
leading  to  the  introduction  of  la])or-saving  devices  for  charging  and 
discharging  the  retorts,  which  subsequently  became  a  distinctive  feature 
in  American  zinc-smelting  practice  in  general.  The  method  of  preparing 
the  charge  by  meaas  of  a  mechanical  mixer  and  bringing  it  to  the  furnace 
in  a  large  car,  moving  on  a  track  in  front  of  the  furnace,  from  which  it 
could  be  shoveled  directly  into  the  retorts;  the  tapping  of  the  spelter 
from  the  condeasers  into  a  kettle  carried  by  a  truck,  with  a  shield  to 
protect  the  men  from  the  heat  of  the  furnace;  and  the  drawing  of  the 
residues  from  the  retorts  with  the  aid  of  a  car,  having  a  protecting  shield 
and  rollers  to  support  the  heavy  rabbles  which  are  put  into  the  retorts; 
these  were  all  in  regular  use  at  Lasalle  pre\dous  to  1882.  Also  in  use 
at  that  time  were  the  augur  machine  for  making  retorts  and  a  plunger 
machine  for  making  condensers. 

Another  event  of  much  historical  interest  was  the  invention  of  the 
Hegeler  roasting  furnace,  in  1881,  and  with  its  aid  the  beginning  of  sul- 
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phiiric  i\nd  nmnufarturp  as  n  l>y-pn»lurt  of  MoihIo  rooxting  in  the  hhuh: 
year.  Mt'chauical  nxLHtin^  furna<<'s  l«a«l  pifviou.'^ly  licon  ummI  in  Kurojie, 
liut  had  not  found  niurh  favor  and  to  this  (hiy  art*  if^ardcd  horni'what 
a.skan<-c  v\vi\  f<»r  sinipU'  n»ji.stin^.  not  to  ^jK-ak  of  ro:L^tinK  f«»r  hulphuric 
acid  numufactun'.  Vot  the  Ilegeler  furnace  hjw  Ijeon  in  reguhir  and 
.successful  use  since  IKS  I.  However,  these  anomalies  are  so  many  in 
the  practi<e  of  zinc  smelt injj- that  it  is  neetlU'SM  to  express  surpri^-r  at  anv 
disregard  of  successful  precedents  which  api^eurs  in  hwtor 

IndtHMJ.  tlie  greatest  anomaly  of  all  is  the  disre^;ard  in  the  I  nuc-i  M;iU'S 
of  the  technical  melho«ls  of  .Matthiessen  »,^  llejicler,  who  wt-n*  well  known 
to  Iw  the  most  successful  —  commercially  —  "f  all  w ho  were  enK.'i^oil 
in  the  zinc  indtjstry  in  the  West.  In  IS,S2  their  w<irks  had  a  ca|)acity 
<»f  '2S  to  .'{()  tons  id  metal  jier  day,  and  w«»re  the  largest  in  the  I'nited 
States.  They  were  making  not  only  sjielter,  but  also  sulphuric  aci«l  and 
sheet  zinc.  In  the  sheet  zinc  market  they  had  for  many  years  (since 
IStiS)  enjoyed  a  highly  prolitaMe  mono|Mily,  the  price  ohtairied  for  sheet 
being  alnait  2  e.  |)er  lb.  higher  than  the  priie  for  sjHltcr.  Regardless 
<»f  all  this,  the  other  smelters,  with  one  or  two  exceptions,  were  still  fol- 
lowing the  careless,  slttvenly  methods  descrilx**!  by  .Mr.  Clerc.  ami  cun- 
tinucd  t»>  tlo  .so  for  15  years  later.  It  is  to  Ix;  explaine«l  that  many  of  the 
furnaces  and  nuichines  <»f  .Matthie.ssen  &  Hegeler  were  patente«l.  but 
there  were  no  generic  patents  among  them,  and  it  displays  a  |»overty 
of  invention  that  «»thers  were  n«)t  able  to  design  non-infringing  tievices 
to  accomplish  the  same  purintsi-s. 

The  shining  exception  among  the  other  zinc  snu'lters  \y:\n  the  Illinois 
Zinc  Co..  of  I'eni.  acro.ss  the  river  fn)m  I.4usalle,  whi«h  in  ivsj  had  the 
second  largest  works  in  the  I'liiled  States  (capacity  IS  to  20  t«»ns  |>er 
(lay)  and  at  that  lime  had  thnn*  Siemens-Ii<lgiarj  furnaces  in  o|w'nition, 
the  fiwl  i)f  the.sc  having  lx»en  erected  in  ls77.  .Mongside  of  the.s<'.  how- 
ever, Were  «»ld  dircvt-fin-d  Ii<'lgi.in  furnaces,  some  of  whirh  were  still  in 
operation  as  late  an  I'.KMI,  Imt  wen*  abandoned  sh«»rtly  after  that.  The 
Sienieiw  furnaces  at  Peru  were  of  a  peculiar  construction,  and  pn»bably 
n«»t  «»f  the  U'st  «lesign.  but  they  have  given  satisfactory  n-sults  and  have 
lieen  in  coastant  us<»  with  only  slight  inodific.'itions  in  design.  The  plant 
of  the  Mineral  I'«»int  Zinc  Co.  at  Teru.  III.,  completed  in  P.HMl.  ha.s  lieen 
equip|¥Ml  with  the  same  tyjw  «»f  furnace.  The  Illinois  Zim*  Co.  foIIowe«l 
closely  the  f«M»t,ste|iK  of  .Matthies.s4>n  tV:  Ilegi-ler.  In  lSS2  it  erei'ted  a 
Hilling  mill.  .\  few  years  later  it  ptit  up  a  sulphuric  ncid  factory,  using 
hand-raked  nuifHe  furnares  for  nuisting  the  blende.  L-iter.  when  the 
bjLsic  patents  «mi  tlie  Ilegcler  r">.i>ting  furnace  expin^d,  it  adopte<l  that 
ty|>e. 

.Aniong  tiic  oiiur  ^^»ell<•^h,  tiie  improvements  U-tween  lss2  ami  ISOfi 
were  com|mratively  few  and  related  chietly  to  details.     The  augur  machine 
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for  making  tlie  retorts  came  into  general  use.  The  old  practice  of  dis- 
tilling two  charges  per  24  hours  was  abandoned  in  favor  of  the  modern 
practice  of  one  charge  per  24  hours,  which  rests  on  sound  metallurgical 
principles.  In  the  West  the  furnaces  with  eight  and  nine  rows  of  retorts 
were  gradually  abandoned,  seven  rows  high  (16  in  a  row,  giving  224  retorts 
per  double  furnace)  becoming  tlie  standard.  In  the  East  the  furnaces 
were  reduced  to  seven  rows  high,  and  even  to  only  four;  six  and  seven 
being  the  common  arrangements.  Also,  in  the  East  the  cylindrical  retort 
was  abandoned  in  favor  of  the  elliptical,  but  the  latter  has  never  been 
employed  in  the  West,  except  in  connection  with  the  Siemens  furnaces 
at  Peru,  Pittsburg,  and  Rich  Hill,  which  had  large  Rhenish  retorts,  and 
the  Rhenish  furnaces  which  have  lately  been  built  at  Pueblo,  Colo.,  and 
lola,  Kan.  The  use  of  prolongs  was  continued  in  the  East,  but  was  aban- 
doned in  the  West  on  the  ground  that  the  extra  saving  of  zinc  by  them 
did  not  compensate  for  the  extra  labor  entailed  by  them. 

Between  1891  and  1900  various  improvements  began  to  be  introduced, 
but  still  these  were  mostly  in  details  and  in  so  far  as  they  related  to  the 
essentials  of  zinc  smelting  they  were  approached  in  a  half-hearted  way. 
Thus  one  of  the  keys  to  successful  zinc  smelting  is  the  manufacture  of 
the  densest  and  most  refractory  retort  that  is  possible.  European  smelters 
had  already  accomplished  this  by  the  Dor  press,  whereby  the  retorts 
are  molded  by  great  hydraulic  pressure.  As  early  as  1893  these  presses 
were  introduced  in  New  Jersey  and  Pennsylvania,  but  apparently  it  failed 
to  be  recognized  how  important  an  instrument  they  were.*  Experiments 
in  gas  firing  with  a  Rhenish  recuperative  furnace  were  made  at  South 
Bethlehem  in  1894,  but  not  until  the  Palmerton  works  were  erected  in 
1899-1901  did  either  this  form  of  furnace  or  the  system  of  firing  come 
into  use  on  a  large  scale.  H.  C.  Meister  at  Collins ville.  111.,  had  exempli- 
fied the  proper  construction  of  a  distillation  furnace  house,  the  whole 
furnace  being  erected  above  the  ground  level,  with  an  upper  working 
floor,  the  inconvenient,  unsanitary,  and  uneconomical  cellars  and  tunnels 
of  the  ordinary  Western  coastruction  being  thereby  dispensed  with, 
but  he  found  no  imitators  until  the  Palmerton  works  were  constructed. 
Except  at  Lasalle  and  Peru  gas  firing,  i.e.,  with  producers,,  found  no 
application  whatever  until  after  1900.  Another  of  the  keys  to  successful 
zinc  smelting  is  the  proj^er  mixture  of  the  charge.  Matthiessen  &  Hegeler 
had  shown  in  the  eighties  how  best  to  do  this,  but  the  lesson  passed 
unlearned.  About  the  only  improvement  that  the  Kansas  smelters 
originated  was  the  blowing  out  of  the  residues  from  the  retorts  by  the 
injection  of  steam.     The  hot  steam  pipe  being  disagreeable  to  handle, 

>  These  presses,  invented  by  E.  Dor,  a  Belgian  engineer,  were  used  at  the  Asturienne 
works,  at  Auby,  France,  as  early  as  1S77,  and  in  1893  were  employed  at  almost  all 
of  the  works  in  France,  Belgium,  and  Rhenish  Prussia. 
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this  wjw  suiJorsodiMl   hy  the  <n«ostioij!il»U'  prartirc  of  intrtxlucinf;  wator, 
the  cxpliksioii  nf  uliich  rjiMts  tlir  rt'.HiiliicM. 

Thr  f^itMit  innovation  in  the  early  ninrtirs  wiia  tho  intr<Mlurtinn  of 
the  nHM-haiiiial  nnuslinn  furnace.  The  Hn»\vn  hdPMvshiM*  fiirnat-c  ha<l  iM-en 
8iU'«'e.ssfully  employed  for  the  n>aslinK  of  eop|»i'r  on*,  li.  ('.  .Mei^ter, 
of  the  (VilliiuHville  Zine  Co.,  eonreived  that  it  etuild  e(|ually  well  lie  iwed 
for  the  n»!Lstiii^  of  hlciide,  an*l  in  1S«>:{  enMted  one  at  (Villin.s\ille.  Alxiut 
the  tmmv  time  S.  ('.  Ivlf^ar  put  t)ne  in  at  the  (ilen«lalo  work.n,  at  St.  I»uii<. 
The  ox|)eriment  was  entirely  suoecssful,  and  after  that  had  lieen  pnivcd 
by  a  few  years  of  ()|wration,  no  zirie  smelter  thought  of  employiiiK  any- 
tliiii"  I. lit   ;i  mechanical  furnace  if  It   wen'  po-^ihle  to  do  so.      I'   i-  tnie 
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that  the  He^eh-r  furna<e  had  Ix'en  iti  succc-vsfuj  u.s<»  for  more  than  10 
years  liefon*  the  Mrown  furnace  wjus  intro«iuce*l.  hut  although  it  wjls  a 
mcM'hanical  furn:iee,  nevertheless  it  required  a  coniparatively  laoti*  amount 
of  lalxir  in  attention  and  \v:is  of  c«tmparatively  hinh  first  cost,  whicli  wrnc 
of  relatively  iiL'^i^mfuant  c<iiLsiderations  in  conne<'tion  with  stilphurie 
neid  munufaeture,  but  not  so  for  simple  ntastin^.  MorD(»-cr,  the  lle^eler 
furnace  wiv*  c|o«<f|y  rovered  bv   patents. 

The  Hn»wn  furnace  al.««o  wjls  patented  and  the  (Villinsville  Zinc  Co. 
and  S.  ('.  Ivl^ar  secured  the  rights  to  lutc  it  in  tlu»  States  of  Indiana, 
Illinois.  Mi.HMiun.  Kans.'tx.  and  .Arkan^.-is.  They  aimed  to  rrtain  for  them- 
selves the  advantage  in  smelting  which  it  conferrvil.  Thus  advantagt* 
was  a  large  one.  Tlie  e<jHt  t>f  lalior  in  roasting  fior  Ion  of  «»n»  in  tlie  oUI 
kilns  and  reverlieratories  was  aUnit  $I.'J.*>:  with  tin*   limwn  furnace  it 
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was  only  about  SO. 45.  Naturally,  the  other  smelters  were  on  the  alert 
to  put  themselves  on  an  equal  footing  in  resjwct  to  this  great  economy. 
Unable  to  use  the  Brown  furnace,  they  tried  the  Pearce,  Wethey,  Ropp 
and  Zellweger,  it  being  about  1898  when  general  attention  was  turned 
in  this  direction.  The  Pearce  and  Wethey  furnaces  did  not  prove  so 
successful,  but  the  Ropp  furnace,  which  was  introduced  by  the  Lanyons 
at  lola,  Kan.,  did  fully  as  good  work  as  the  Brown.  The  owner  of  the 
Brown  patents,  together  with  the  Collinsville  Zinc  Co.  and  Edgar  Zinc 
Co.,  then  brought  suit  against  the  Lanyon  Zinc  Co.,  claiming  that  the 
Ropp  furnace  was  an  infringement  of  the  Brown.  There  resulted  a  liti- 
gation which  ranks  among  the  most  costly  and  most  hard  fought  over 
a  metallurgical  patent.  In  court  after  court  the  Brown  patents  were 
sustained  and  the  Ropp  held  to  be  an  infringement.  Then  Mr.  Joseph 
CapiJeau,  general  manager  of  the  Lanyon  Zinc  Co.,  devised  a  modification 
of  the  Ropp  furnace,  according  to  which  the  Ropp  furnaces  already  built 
could  easily  be  altered.  This  was  done.  The  Brown  people  immediately 
brought  suit  against  the  Lanyon  Zinc  Co.,  claiming  the  Cappeau  furnace 
to  be  an  infringement.     In  this  they  were  defeated. 

However,  the  litigation  left  the  best  furnaces  still  in  the  control  of 
patent  owners,  or  rather  the  furnaces  which  had  been  demonstrated  in 
practice  to  be  successful,  and  the  other  smelters  were  slow  to  experiment 
with  different  forms.  Consequently,  only  the  Zellweger  has  come  into 
general  use,  and  hand-worked  kilns  of  the  old  type  continued  to  be  built, 
up  to  two  or  three  years  ago,  although  in  roasting  with  natural  gas  the 
cost  is  about  85  c.  per  ton,  against  only  about  35  c.  in  mechanical  fur- 
naces. The  Brown  furnace  was  a  distinct  invention.  It  was  developed 
from  the  old  O'Harra  furnace.  In  the  latter  great  practical  difficulty 
had  been  exjxirienced  in  keeping  in  (>rder  the  rails  and  running  mechanism 
of  the  stirring  carriage.  Brown  overcame  this  difficulty  by  putting  those 
parts  in  recessed  chambers  at  each  side  of  the  roasting  hearth,  the  frame 
of  the  stirring  carriage  passing  through  a  continuous  slot  at  each  side 
of  the  hearth.  Ropp  put  a  tunnel  under  the  hearth,  with  a  slot  in  the 
center  of  the  latter.  The  courts  held  that  this  tunnel  was  a  recessed 
chamber  adjacent  to  the  hearth  and  consequently  infringed  the  Brown 
patent.  Cappeau  removed  the  side  walls  of  the  Ropp  furnace  below 
the  hearth,  and  supported  the  latter  on  legs.  The  court  held  that  this 
was  not  an  infringement,  because  the  furnace  being  entirely  open  under 
the  hearth,  there  was  nothing  there  resembling  a  chamber. 

Economically  the  great  advance  in  the  metallurgy  of  zinc  in  the  Lnited 
States  has  been  the  result,  not  of  technical  improvement,  but  of  a  wonder- 
ful bounty  of  nature.  This  is  the  occurrence  of  natural  gas  in  compara- 
tively close  proximity  to  the  zinc  mines  of  the  Joplin  district.  By  the 
utilization  of  this  the  zinc  smelters  were  aljle  to  acquire  many  of  the 
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a<lvant.iKo.s  nf  pnMlurrr-p.'W  (iriuK,  IokoiIut  with  w»mo  <»thon<  of  (fffjit 
iiniMirtaiK'c,  ami  practically  iioiio  <»f  tlir  ilisailvaiita^r^i.  At  first  the 
U.HC  of  natural  t^iis  w.m  a  viim}  of  fuel  ol)tain<Mi  at  practically  no  cotit.  with 
no  haniilin^  involved  ami  no  tushes  Ut  Ih*  renioveti.  Stirh  an  imliiittrial 
^ift  is  almost  without  parallel  in  the  economic  hi.story  of  the  worhi. 

Natural  hxh  was  first  used  f«ir  miv  smelting  in  the  I'niteti  Stal<^*  in 
Indiana,  when*  several  small  worivs  were  ercete«i  al)out  I.S1)2.  The  reason 
for  the  estaMislnnent  of  the  industry  w;us  simply  that  kjis  existed  there. 
Ore  w:is  availai)le  from  Wisconsin  and  fn>m  Missouri;  also  in  small  (juan- 
lilies  fn>n)  Kentucky  and  Tenness<»e.  In  many  res|M'cts  the  inauguration 
of  zinc  smeltiiiu  in  this  district  was  well  considered.  The  «listricl  coin- 
mande«l  several  <»re  supplies;  the  chief  market  for  sjK'lU'r  Wius  further  to 
the  east:  in  general  it  is  e<'ononucal  to  trans|H)rt  /ine  ore  rather  than 
»|>elter  so  lunjj  :us  it  l>e  ^oinj;  in  the  dire<tion  of  the  final  consumption 
of  the  sjH'lter.  However,  the  manjmement  of  the  Indiana  smelters  was 
n«»t  l>n»adly  and  vif;on)Usly  conducted.  The  l)usine.ss  wjis  not  devel«»|)eil 
to  the  extent  which  w«iuld  have  commanded  from  the  railways  an  e<|u:ility 
in  freight  rates  with  I>:isalle  and  Peru  and  consequently  remainecl  at  a 
disadvantage  in  that  res|»ect.  The  natural  gits  supply  ha«l  fn»m  the 
liegiiming  a  cost  which  did  not  give  it  any  gn-at  advantage  over  eoal, 
and  it  soon  waned  an<l  increa.sed  so  nujch  in  cost  that  the  industry  wjts 
abandoned.  My  I'.HH)  it  wjus  practically  dead,  although  one  works  at 
Marion  continued  to  run  in  a  fitful  way  for  two  «»r  thn^e  years  longer. 

The  Indiana  sniellers  were  (juite  rational  in  their  adoption  of  furnaces. 
The  Ijest  of  them  simply  erected  the  stamlard  Mi'lgian  furnace  and  turneil 
in  gas  at  the  lM)ttom.  which  l)urne(l  instead  of  <oal  on  a  grate.  On  the 
whole  their  works  were  crude,  the  furnaces  InMng  Imilt  without  :ish-pils 
or  cellars  (like  those  of  New  Jersey).  wheref<»re  the  lal)or  in  connection 
with  theni  w:us  comparatively  high,  and  except  f«»r  the  method  of  healing 
the  furnac-es  there  w;ls  nothing  new  in  their  pra<tice. 

It  Ls  unnecessary  for  present  purpo;,e«  to  jjo  into  the  early  hLst<»rv 
of  natural  gas  in  Kansas.  It  is  sufiicitMit  to  n-mark  that  l»y  isM.'i  the 
developments  at  htia  were  decide<l  liy  KoIktI  I^tnyon  and  l>n»ther  l«» 
warrant  the  risk  of  erecting  a  smeltery  there.  They  had  previously 
lieen  eng.iged  in  smelting  at  I'ittslturg,  Kan.  They  deserve  nnich  cnMlil 
for  their  Ixildness  in  venturing  a  large  amount  of  money  in  works  (le{«*nil- 
enl  uiKin  a  new  ami  un(*erlain  supply  of  fuel,  hut  further  than  that  they 
<iisi)l:»yed  little  originality  and  indexed  their  miscomrption  of  the  pn>l»lem 
liefon»  them  was  sulMequently  to  pn)ve  of  decidedly  had  cflTerl  on  the 
xine-<4inelling  praetiee  in  general.  The  Linyon  family  htm  l>ecn  for  40 
years  |)rominently  identified  with  zinr  smelting  in  the  I'nited  Stated. 
Commenially  it  h:ts  Uvn  highly  successful,  hut  this  hiis  ticen  due  to  ilji 
intimate  knowledge  of  the  market  conditions,  es|ierially  \l»  shrcwdncHa 
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in  buying  ore,  anil  its  close  supervision  of  all  the  details  of  the  business. 
Technically  it  has  made  few  contributions  to  smelting  practice,  and  indeed 
has  been,  through  its  inattention  to  the  metallurgical  principles  and 
failure  to  appreciate  their  inii)ortanoe,  a  retarding  inllucnce  rather  than 
a  progressive  one.  In  the  case  of  the  lola  furnace  its  influence  was  not 
merely  retarding,  but  also  was  misleading. 

Instead  of  imitating  the  practice  in  Indiana,  where  zinc  smelting  was 
already  being  done  successfully  with  natural  gas,  the  Lanyons  decided 
to  imitate  the  Hegeler  furnace,  used  with  i)roducer  gas  at  Lasalle.  Con- 
sequently they  erected  a  long  furnace,  five  rows  of  retorts  in  height,  with 
60  in  the  row,  the  furnace  massive  having  600  retorts.  It  was  attempted 
to  turn  in  the  gas  at  one  end  and  introduce  the  air  at  intervals  along 
the  front,  just  as  at  Lasalle,  but  it  was  omitted  from  consideration  that 
at  Lasalle  the  fuel  was  hot,  comparatively  weak,  producer  gas,  while  at 
lola  it  was  practically  pure  methane  (CH^).  The  result  was  simply 
what  ought  to  have  been  expected. 

At  the  temjjeratures  which  are  frequently  obtained  in  industrial 
firing,  especially  in  zinc  smelting,  the  hydrocarbons  of  a  fuel  gas,  either 
artificial  or  natural,  are  subject  to  dissociation,  i.e.,  they  are  split  up 
into  their  elementary  constituents,  carbon  and  hydrogen.  If  this  happens 
in  the  presence  of  an  adequate  supply  of  air  both  the  hydrogen  and  car- 
bon will  be  burned,  the  former  to  aqueous  vapor  and  the  latter  to  carbon 
dioxide.  If,  however,  the  supply  of  air  be  insufficient  only  the  hydrogen 
may  be  burned,  while  the  carbon  will  be  deposited  as  soot.  With  natural 
gas,  of  which  upward  of  90%  is  hydrocarbon,  more  difficulty  is  liable 
to  be  experienced  on  this  account  than  with  ordinary  fuel  gas,  which  is 
comparatively  poor  in  hydrocarbons.  This  dissociation  of  hydrocarbons 
with  the  accompanying  deposition  of  soot  is  liable  to  cause  trouble  in 
metallurgical  firing  with  natural  gas  unless  it  be  prevented.  The  fact 
that  natural  gas  is  dissociated  in  that  manner  is,  however,  one  of  the 
attributes  to  which  it  owes  its  great  heating  power,  the  latter  being  due 
largely  to  the  radiation  from  the  incandescent  particles  of  carbon 
which  are  set  free.  If  they  be  deposited  as  soot  the  remedy  is  sim- 
ple, consisting  merely  in  providing  a  requisite  supply  of  air  and  insuring 
its  thorough  mixing  with  the  gas.  This  was  not  understood  in  the 
early  day  of  natural  gas  firing  at  lola,  Kan.,  and  deposits  of  soot  were 
permitted  to  form  around  the  retorts  in  the  distillation  furnaces,  re- 
ducing the  heat  conductivity  of  the  walls  of  the  retorts  and  conse- 
quently the  extraction  of  metal  from  the  ore,  the  soot  sometimes 
accumulating  to  the  extent  that  the  passages  for  the  combustion  pro- 
ducts between  the  retorts  would  be  completely  closed  and  had  to  be 
opened  by  barring. 

Other  smelters  who  built  at  lola  followed  blindly  the  lead  of  the  Lan- 
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ymt'*.  «liinli(*ntinK  thoir  fiirnnrfH  j^imply  Ikm'jiusc  thoy  were  the  only  own 
ihoy  know  and  their  previoiw  praftire  ha<l  l)oon  <lwtinrtly  imitative. 
The  lola  furiuirc  thus  havinu  Ikm-omm'  e.stal>hshcM|.  ofTortM  haii  to  Ik?  direrted 
toward  inakinK  it  work  pr<>|nrly.  Of  (••iiipm'  it  .mm»ii  wiih  jjen'oivotl  what 
WW  the  nM>l  «>f  the  trouble,  and  rljanpes  were  ma<le  to  cireumveiit  it. 
Admission  of  the  rjls  at  one  end  only  <»f  the  furnace  w:ls  db<('ontinued, 
Bn<l  pi|>es  \ven>  hiid  on  to  introtluce  it  through  small  jrts  at  intervals  alont; 
the  front.  The  jet.s  were  reduced  in  size  and  the  pressure  wa«  ureatiy 
re<luced.  Tliese  improvements  were  of  pradual  development.  In  \S\fj 
there  were  live  smelteries  in  oi»eration  at  lola  and  all  were  ex|>eriencin^ 
trouble.  The  cost  of  smelting  jus  compared  with  the  cost  at  I*ittj<l)UrK, 
Weir,  and  the  other  |xunts  in  the  coal  field  was  largely  in  favor  of  the 
gjus  smelters,  hut  their  extraction  of  metal  was  so  much  lower  in  jn'rcentjigc 
that  the  net  result  wjus  to  keep  the  two  methods  of  smelting  on  suliwtan- 
tially  an  e(p>al  fo<tting.  I*!ven  so  late  :us  the  summer  of  IMM»  many  of  the 
coal  smelters  did  not  realize  that  there  wjis  g«»ing  to  l>e  any  advantage 
in  natural  ga.s  smelting.  However,  it  was  only  a  matter  of  a  year  or 
two  more  liefore  the  gas  smelters  surmounted  the  difliculties  of  .securing 
a  proper  combustion  in  an  unfortunate  tyi>c  of  furna<-e  and  itjcrcaseci 
their  percentjige  of  metal  extraction  to  jus  high  a  |>oint  as  had  ever  lx?cn 
rea<hed  by  the  coal  smelters. 

In  ercM-ting  it.s  works  at  Cherry  vale,  Kan.,  the  lOdgar  Zinc  Co.  installed 
ftirnaces  after  the  Indiana  type,  btit  greatly  improved,  and  never  expe- 
rienced any  of  the  trouble  that  the  lola  smelters  went  thnnigh  and  efTected 
a  high  pen-entaye  of  metal  extraction  fnun  the  Ix-gitming.  In  their 
later  practice  the  lola  smelters  to  a  considerable  extent  abandoned  the 
long  furnaces,  erecting  new  ones  of  only  half  the  length,  it  U'ing  |ier- 
ceived  that  the  IalM>r-saving  devi<'es  introduced  als«(  fnun  Ijisalle  were 
not  de|irn<lent  upon  a  continuou.s  long  furnace,  but  could  l>e  used  ju-st 
as  well  with  two  slu»rter  furnaces  in  line.  The  same  thing  had  l>een  fier- 
ceived  .M'veral  years  earlier  at  Cherryvale,  when>  three  short  furnaces 
were  arranged  in  line.  It  is  now  generally  recognizee!  that  there  Ls  no 
n<lvantage  in  building  a  zinc  distillation  furna<'e  of  excessive  dinjeasioas, 
while  there  are  several  disadv.-mtages.  .\  further  impmvement  in  the 
lola  furnace  was  the  reduction  in  height  from  five  rows  of  retort*  to  f<uir 
n»ws.  which  nuidc  it  considerably  ea"<ier  for  the  men  in  charging  and 
discharging. 

I'p  to  the  utili74ition  of  natural  gas  in  Kansas  there  had  l>een  little 
change  in  the  general  cost  of  smelting  for  many  years.  The  smelters 
at  Pitt.sburg  and  vicinity  ha<l  available  a  large  supply  oi  slack  coal,  which 
wafl  available  ho  ehea|)ly  that  in  xpitc  of  their  pxtmvtigant  uko  of  it  the 
total  ftiel  cost  in  snielting  w.as  low  as  compared  with  Kumpean  rondi- 
tiomi.     In  ISS'J  slack  cost  aUiut  oO  c.  {ht  ton  and  nin  of  mine  II  to  $l.oO. 
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About  the  same  figures  prevailed  in  181)9.  The  wage  for  comniou  labor 
was  $1.50  per  10  hours,  and  for  all  the  men  employed  in  the  works  the 
average  was  prolnibly  alxnit  S2  j)er  day.  Substantially  the  same  con- 
ditions existed  in  1899.  The  cost  of  smelting  in  1899  was  SIO  to  $12 
per  ton  of  ore  in  the  majority  of  works  and  probably  had  been  in  the 
neighborhood  of  those  figures  for  20  years  previously.  Such  improvement 
as  there  liad  been  in  tlie  practice  was  chiefly  in  the  increased  extraction 
of  metal.  In  the  treatment  of  Joplin  ore  in  1899  the  extraction  in  the 
best  managed  works  was  about  82%  of  the  zinc.  What  it  was  in  former 
times  no  one  knows.  It  was  not  vmtil  1898  or  1899  that  any  company 
in  this  field  regularly  emploj^ed  a  chemist  to  sample  and  assay  the  ore 
smelted.  No  further  comment  on  the  backwardness  and  carelessness 
of  the  practice  is  recjuircd.  It  is  fair  to  su])])ose  that  as  experience  was 
gained  in  the  art  by  the  rule  of  thumb  methods  jiracticed,  and  as  little 
improvements  were  made,  there  was  some  advance  in  the  metallurgical 
result,  but  as  to  how  much  there  is  uncertainty.  It  is  to  be  borne  in  mind 
that  the  Jojilin  ore  was,  and  still  is,  almost  the  ideal  ore  for  successful 
zinc  smelting.  The  smelters  required  it  to  be  almost  pure  blende 
and  of  ridiculously  low  content  in  iron  and  lead.  Ore  containing  more 
than  2%  iron  and  1%  lead,  or  less  than  55%  zinc,  was  purchased  only 
at  a  heavy  discount.  When  the  first  Colorado  ore  (from  Creede)  was 
smelted  in  1899  the  result  was  utterly  disastrous.  Yet  the  same  ore 
became  regarded  inside  of  five  years  as  something  exceptionally  desir- 
able. 

The  smelters  of  Illinois  and  the  St.  Louis  district  had  all  along  a  de- 
cidedly better  metallurgical  practice  than  those  of  Kansas,  but  they 
labored  under  certain  disadvantages,  and  except  at  the  large  works  in 
Illinois,  where  gas  firing  was  employed,  the  cost  of  smelting  was  not 
much  different  from  what  it  was  in  Kansas.  The  works  at  Lasalle  and 
Peru  made  sulphuric  acid  as  a  bj^-product,  wherefrom  there  was  a  profit 
corresponding  to  $4  per  ton  of  ore,  and  they  made  a  further  large  profit 
out  of  rolling  their  spelter  into  sheet  zinc,  in  which  business  they  had 
for  many  years,  and  practically  still  have,  a  monopoly. 

The  smelters  of  New  Jersey,  Pennsylvania,  and  Virginia  operated 
for  a  little  less  per  ton  of  ore  than  the  Kansas,  and  made  a  metal. extrac- 
tion of  about  82%,  but  they  used  a  considerably  lower  grade  of  ore  and 
the  latter  was  of  decidedly  more  difficult  smelting  character,  wherefore 
their  results  were  the  more  creditable. 

The  inauguration  of  smelting  with  natural  gas  in  Kansas  led  almost 
immediately  to  a  reduction  of  the  smelting  cost  to  $7  per  ton  of  ore, 
corresponding  to  an  economy  of  0.3  c.  to  0.5  c.  per  lb.  of  spelter,  inas- 
much as  2000  lb  of  the  Joplin  ore  of  the  usual  grade  yielded  about  1000 
lb.  of  spelter.     This  great  economy  was  due  partly  to  the  almost  complete 
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elimination  of  the  furl  cont ;'  pnrtly  to  the  saving  in  lal>or,  there  Ijoing 
no  fuel  or  luslies  to  handle;  and  partly  to  n  ureatcr  Hul>Hlivi^ion  of  ji*^neral 
ex|KMise,  the  works  Ikmhk  lar^rr.  Wherejus  formerly  a  works  with  six 
hlofks  of  furnaces,  snu'ltin^  \'2SHH)  tons  of  ore  jx'r  year.  wa.s  a  larne  plant, 
the  works  in  the  pjis  firhl.  with  their  larger  furnaees.  wrn*  never  U'^'in 
with  less  than  thnn*  funuu-es.  jiivinj;  a  rapacity  for  smeltinu  lo.tNM)  Uttw 
per  year,  and  every  time  a  new  furnace  wa.s  adiled  it  increas<u|  the  capacity 
by  .'yHK)  tons.  As  soon  jus  the  pa.H  smelters  raised  their  extraction  oi 
metal  to  the  same  jx'n'entane  jis  the  coal  smelters  they  naturally  |)Ut  the 
latter  out  of  business.     This  hapfiened  in  11M)1. 

However,  the  fins  smelters  reckoned  incorrectly  that  their  ujw  supply 
was  costle.ss.  The  lola  jjool  wjis  exceptionally  favorably  situated.  Umiir 
more  or  le.ss  in  the  shajie  of  an  elongated  elli|>se  with  a  line  of  railway  nin- 
ning  throujih  it  on  the  major  axis.  The  smelters  were  able,  therr'fore,  to 
build  their  works  rifjlit  alonKsi<le  the  railway  and  obtain  pas  by  drilling 
in  the  immediate  vicinity,  sometimes  in  their  own  yards.  Certain  of  them 
ran  their  works  for  three  or  four  years  from  two  gas  wells  costing  $1.')(K) 
each  and  l-MM)  ft.,  or  so,  of  4-inch  |)ii)e  line,  costing  al>out  ftMK).  and  in 
8uch  cjises  the  cost  of  the  pjus  wxs  an  insignificant  fra<'tion  of  a  cent  ix'r 
KKK)  cu.  ft.;  but  other  smelters  niade  ex|)ensive  investments  in  gas  lan<l, 
well-drilling  and  pi|)e  lines,  and  in  their  c;i.ses  the  gas  really  came  to  a 
considerable  figure  when  they  reckoned  up  the  cost  with  the  realization 
that  they  luul  not  l)een  making  an  investment  on  capital  account  but  had 
men'ly  l>een  anticipating  their  fuel  bill  for  several  years  ahead.  .Moreover, 
the  time  came  in  a  few  years  when  the  gjis  pressure  diminished  largely 
under  the  heavy  and  constant  drain,  and  more  wells  had  to  lie  drille<l 
an«l  larger  pijie  lines  put  down  to  secure  and  convey  the  re<pusite  sup|)ly 
of  gas  at  the  lower  pre.ssure.  Finally  it  devel«>|HMl  that  the  supply  of 
gas  at  I(»la  w:is  no  longer  sulhcient  to  justify  the  erection  of  niore  work.*, 
at  that  place,  ami  the  pn)jectors  of  new  works  had  to  look  to  Neodesha, 
Alt<K)na,  Chanute,  Caney,  Deering.  CofTeyville,  and  other  places  in  the 
Kansas  gju*  field,  but  at  n<u»e  of  them  was  there  a  large  gas  pool  under- 
lying a  town  with  gcMxl  railway  connections  and  <»ther  necessary  facilities 
as  at  lola.  and  it  was  a  cji.se  fn>n)  the  otitset  of  locating  the  works  at  the 
railway.  an<l  near  the  town,  and  reaching  out  for  the  g.ns  with  pijie  lines 
of  coasiderable  length;  jdso  the  value  of  g:us  land  ha<l  increjised  greatly 
in  the  meanwhile;  ron.se<juently.  the  imtnedijite  investments,  together 
with  the  maintenance  charges,  put  a  cost  of  1  c.  to  'J..!  r.  per  KMK)  eu. 
ft.  on  the  gas.  Hy  I1K)3  this,  and  s<»me  increase  in  the  wages  of  smelter 
men.  had  rai.sed  the  cost  of  smelting  to  $S  or  $S.,50  per  t<»n.     Kven  by 

■  In  mfi>mr)K  to  fuel,  the  tiiir  miirltrr  tiM*Aii)«  mily  the  nnd  or  kan  rpf|uinr<I  t«>  hrat 
III!*  furnar«>««  Tin*  rt»;il  of  N|MTinl  rlmrarter  which  in  inixnl  with  iho  orr  u  "flux,"  or 
inorr  pn»|»orly,  "'mluction  iiuttorial." 
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tliat  time  it  was  apparent  that  the  natural  ^as  field  would  soon  lose  its 
j^restige,  because  of  the  probability  that  a  modern  works  of  good  engi- 
neering design  and  construction,  with  sulphuric  acid  chambers  for  recovery 
of  that  l\v-product,  in  tlie  coal  field  of  Illinois,  or  further  East,  would 
be  on  equal  terms  with  the  Kansas  works  and  would  have  a  far  longer 
life.  This  forecast  was  borne  out  in  1906  when  two  large  works  were 
erected  in  Illinois  and  another  was  projected.  However,  building  in  the 
Kansas  gas  field  continued,  even  extending  into  the  Indian  Territory, 
and  is  justified  under  special  conditions  as  to  local  gas  supply,  etc.,  but 
it  is  obvious  that  the  industry  in  that  section  will  not  become  a  permanent 
one,  and  will  always  have  a  perambulatory  character. 


Convers  &  DeSaullcs  Furnace, 
Palmerton,  Penn. 

Since  1901  there  has  been  a  great  advance  in  American  zinc-smelting 
practice;  more  perhaps  than  in  the  entire  previous  history  of  the  industry. 
The  Kansas  and  Missouri  smelters  have  learned  to  treat  the  base  ores 
of  Colorado  and  elsewhere  in  the  Rocky  Mountains,  at  first  only  with 
poor  extraction  of  metal,  but  soon  with  greatly  improved  results.  The 
outcome  of  this  advance  in  their  art  was  the  exclusion  of  the  European 
smelters  from  the  American  market  and  the  importation  of  large  quan- 
tities of  ore  from  British  Columbia  and  Mexico.  The  marvelous  utiliza- 
tion of  these  new  sources  of  ore  supply  is  marked  by  the  fact  that  out 
of  190,000  tons  of  Western  spelter  produced  in  1905,  about  54,000  tons 
was  derived  from  ore  mined  west  of  the  Rocky  Mountains,  including 
British  Columbia  and  Mexico. 

In  1901  zinc  smelting  was  inaugurated  in  Colorado,  at  Pueblo,  by  the 
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United  States  Zinc  Co.,  a  suhsidiury  of  the  Amcripjin  Smelting  and  Ilc- 
fining  Co.  This  coinpaiiy  on'ctod  a  lar^o  an<l  costly  i)Iant,  a  duplicate 
of  one  of  the  most  modern  j)lanls  in  li<>l^ium.  This  led  to  the  introduc- 
tion in  the  United  States  of  the  Ik'Igian  practice  of  resmclting  the  residues 
remaining;  from  the  distillation  of  zinc  in  hhist  furnaces  for  recovery  of 
their  ;:ol(l.  silver,  and  lead  contc'uts.  The  same  practice  wjus  suhsecpiently 
attempted  by  the  Chcrokee-Lanyon  Sjxjltcr  Co.  in  the  lolu  district.  Kan- 
sas, but  under  the  conditions  there  it  i)roved  a  failure.  The  Pueblo 
works  were  equipix^d  with  pas-fired  Siemens  furnaces  of  the  Overpelt 
ty|x».  The  great  works  of  the  New  Jersey  Zinc  Co.  at  Palmerton,  Penn., 
were  also  equipped  with  g:us-fired  ivcu|x^rative  furnaces,  but  the  tendency 


Ncurcuthcr-Sionicns  Furnace,  I'l-ni,  III. 


there  has  been  strongly  towanl  the  coiinter-current  system  of  heat  recu- 
peration. At  the  works  of  the  Mineral  Point  Zinc  Co.  at  Depue,  111.,  the 
Neureuther-Siemens  furnace,  which  is  use<l  at  Peru,  wjis  adopted.  These 
new  works  mark  the  progress  in  gas-firing  and  regenerative  furnaces  in 
the  United  States.  As  illustrative  of  their  economy,  it  may  l>e  remarked 
that  in  I'.MXi  the  direct-fired  lielgian  furnaces  at  South  liethleheTU,  Penn., 
require<l  2.7")  to  3..'^()  t<ms  of  anthracite,  rice  size,  jxt  ton  of  ore.  while 
the  regenerative  furnaces  at  Palmerton  u.se<l  only  two  tons.  an<i  even  the 
latter  figure  would  not  normally  l)C  coiLsidercd  go<nl  practice  in  zinc 
smelting. 

In  extraction  of  metal  froiu  \hv  ore  there  wjis  a  great  advance,  and 
economically  this  wjis  the  most  im|K)rtant  of  all,  inasmuch  sis  each  |x>r- 
centage  of  additional  extraction  corres|K>nds  roughly  to  M)  c.  |ier  ton 
of  ore  smelted.  In  the  Kast  the  average  extraction  of  S2''(  in  ISU.5  had 
become  86%  in  1905.     In  Kansas  and  Missouri  the  average  extraction 
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in  1899  was  about  80%;  in  1905  it  was  about  85  to  86%  in  the  case  of  the 
docile  Joplin  ore,  which  only  was  smelted  in  1899;  in  the  case  of  the  baser, 
more  difficultly  smelted  Rocky  Movmtain  ore  the  extraction  was  not 
quite  so  high.  A  large  part  of  the  increased  extraction  of  metal  was 
due  to  the  more  general  use  of  the  hydraulic  press  for  molding  the  retorts; 
a  large  part  was  due  to  a  better  knowledge  of  the  principles  of  zinc  smelt- 
ing and  scientific  control  of  the  work.  In  1S98  only  a  few  works  employed 
a  chemist;  in  1905  there  were  few  which  did  not,  and  many  employed 
also  metallurgists  and  engineers. 

Another  noteworthy  development  of  these  five  years  was  the  intro- 
duction of  the  practice  of  keeping  separate  the  first  draw  of  metal  from 
the  condensers  for  sale  as  special  spelter.  The  first  part  of  the  distilla- 
tion being  conducted  at  the  lowest  temperature,  the  metal  coming  over 
then  is  lowest  in  lead,  and  on  that  account  is  salable  at  a  premium  of 
$2  to  $3  per  ton  over  "ordinary  prime  Western,"  while  the  metal  of  the 
second  and  third  draws  is  still  sufficiently  low  in  lead  to  serve  for  gal- 
vanizing and  some  other  purposes.  Obviously  this  classification  was 
of  material  advantage  to  the  smelters. 

In  the  manufacture  of  zinc  oxide,  the  recent  improvements  were  largely 
of  a  mechanical  character.  The  great  plant  of  the  New  Jersey  Zinc  Co. 
is  a  wonderful  example  of  modern  construction  in  this  respect.  For 
many  years  the  New  Jersey  Zinc  Co.  and  its  subsicUary  companies  had 
a  monopoly  of  the  manufacture  of  zinc  oxide,  but  a  few  years  ago  the 
Ozark  Smelting  and  Mining  Co.  entered  the  business,  building  a  works  first 
at  Joplin,  Mo.,  and  then  a  second  works  at  Coffey ville,  Kan.,  and  the  success 
of  these  showed  that  there  was  no  secret  in  the  manufacture  of  zinc  oxide 
and  directed  attention  to  that  industry  which  promises  to  have  impor- 
tant commercial  results.  For  many  years  the  United  States  Smelting 
Co.  at  Cafion  City,  Colo.,  had  been  making  a  zinc-lead  pigment  and  the 
Picher  Lead  Co.  had  been  making  sublimed  white  lead.  The  ready 
sale  of  those  products  induced  the  Ozark  Smelting  and  Mining  Co.  in  1906 
to  undertake  the  manufacture  of  zinc-lead  white,  using  mixed  sulphide 
ore  from  New  Mexico.  This  proved  entirely  successful  and  opened  a 
new  use  for  that  class  of  ore,  which  only  15  years  previous  was  utterly 
valueless. 

In  summing  up  the  status  of  American  zinc  smelting  at  the  end  of 
1907,  it  is  no  longer  to  be  said  that  as  compared  with  European  practice 
it  is  characterized  by  backwardness.  It  is  rather  to  be  said  that  while 
the  P]uropean  practice  excels  in  some  respects,  the  American  excels  in 
others.  In  most  matters  of  mechanical  handling,  and  in  roasting  blende 
ore,  the  American  is  decidedly  ahead.  In  the  construction  of  the  dis- 
tillation furnaces  and  in  distillation  practice,  including  the  recovery  of 
by-products,  the  European  leads.     The  cost  of  smelting  is  about  the 
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sariH'  in  thr  two  CoiitiiuMit.s.  'ihr  cliraiior  lalM»r  «»f  l]iin»i>o  b4  »»fTi«ot  by 
its  dcartT  furl.  In  npn'cntagp  of  motal  cxtrarticm,  the  Kimipenn  hhwIutm 
on  the  wlutlr  liavr  tlir  a<lv!Uita>:t\  l»ut  it  is  not  a  larjir  oni-.  In  ronrlu.Hion, 
it  may  U*  said  that  tlu*  .\rn<'ri«an  ziiu-«^rnrltinjj  prartirr.  capaltU*  lis  it 
is  of  fttrthor  ^ront  in)pn>vrin(*Mt,  is  no  longer  u  branrli  of  mctallurKicul 
imliLstrv  to  \)c  ashanuMl  of. 
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COMMERCIAL  CONDITIONS 

The  commercial  history  of  the  zinc  industry  in  the  United  States 
is  concisely  rcHected  in  the  statistics,  which  are  available  with  complete- 
ness, in  so  far  as  production,  imports  and  exports,  and  consumption  are 
concerned,  back  to  1873.  These  statistics  are  summarized  in  the  follow- 
ing tables:  ,.,  „  a  i 
°                                   Production  of  Spelter  by  States 

(In  tons  of  2000  lb.) 


New 

Year 

Jersey 

and 
Pennsyl- 
vania 

Virginia 

and 

Tennessee 

Total 
East 

Indiana 

and 
Colorado 

Illinois 

Kan.'ias 

and 

Oklahoma 

Missouri 

Total 
West 

Grand 
Total 

1882 

5,698 

5,698 

18,201 

7,366 

2  500 

28,067 

33,765 

1883 

5,340 

5,340 

16,792 

9,010 

5,730 

31,. 532 

36,872 

1884 

7,861 

7,861 

17,594 

7,859 

5,230 

30,683 

38,-544 

1885 

8  082 

8,082 

19,427 

8,.502 

4,677 

32,606 

40,688 

1886 

6,762 

6,762 

21,077 

8.932 

5,870 

35  879 

42,641 

1887 

7,446 

7.446 

22,279 

11,9.55 

8,660 

42.894 

£0,-340 

1888 

9,561 

9,.561 

22,445 

10,432 

13,465 

46,342 

55,903 

1889 

10,265 

10.265 

23,860 

13,6.58 

11,077 

48,595 

58,860 

1890 

9,114 

9,114 

26,243 

15.199 

13,127 

54,569 

63  683 

1891 

8,945 

4,217 

13,162 

28,711 

22,747 

16,2.53 

67,711 

80,873 

1892 

9,582 

4,913 

14,495 

a  31,383 

24.715 

16,667 

72,765 

75,-328 

1893 

8,802 

3  882 

12,684 

a  29,.596 

22,815 

13,7.37 

66,148 

89,686 

1894 

7,400 

1,376 

8,776 

2,173 

26,799 

25,588 

11,992 

66,5.52 

81,499 

1895 

9,484 

3,697 

13,181 

3,736 

31,996 

25.775 

14,998 

76,.505 

99,980 

1896 

8,139 

2,427 

10,566 

1,595 

34.578 

20,7.59 

14,001 

70,933 

74,399 

1897 

7,218 

3,365 

10  583 

1,506 

36,370 

33  396 

18,125 

89,397 

99,980 

1898 

8.631 

8  631 

2,6.54 

44,449 

40,132 

19,. 533 

106,768 

115,399 

1899 

8.805 

8805 

4,020 

46  098 

52  021 

18,107 

120,246 

129,051 

1900 

8,259 

8,259 

a  38.7.50 

62,1.36 

78,806 

115,627 

123,886 

1901 

8,603 

8,603 

o  44.896 

74.240 

1 3,083 

132,219 

b  140,822 

1902 

12,180 

12,180 

a  47,096 

86,-564 

11087 

144,747 

c  156,927 

1903 

12.301 

12,301 

877 

a  47,6.59 

88,388 

9.994 

146,918 

rf  159,219 

1904 

14.893 

14,893 

4.871 

e  47.740 

107,048 

12.1.50 

171,809 

/  186,702 

1905 

e  23.044 

23044 

6.599 

45,3.57 

114,948 

11  800 

178,704 

201.748 

1906 

30.167 

30,167 

6,260 

48.238 

129,741 

11,088 

195,-327 

225,494 

1907 

38,060 

38,060 

5,200 

56,103 

138,655 

11,594 

211,552 

249,612 

*  Up  to  1900,  inclusive,  the  statistics  in  this  table  are  from  Ingalls,  Production 
and  Properties  of  Zinc;  1901-1904,  from  Mineral  Resources  of  the  United  States;  1905- 
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CoNSUMiTioN  or  Zinc  in  thk  L'mtkd  Stathi 

(Inluniuf  3000  n>) 


Vcjr 

IVuductiua 

iMfotn 

Supply 

Esporu 

7.:m;{ 

Sjnltrr 

.{.420 

dbCVl 

Toul 

IST.J 

5.501 

8,981 

10,324 

37 

10,287 

1S74 

1(>.(NN) 

1.797 

3.008 

4.805 

14.805 

22 

14,783 

ISTf) 

i:),s:{.{ 

1.017 

3.«><»0 

4.077 

20.510 

19 

20,491 

1S70 

l(i.(NH» 

474 

2,300 

2,780 

18,780 

07 

18,713 

1S77 

17..''><M) 

6;« 

071 

1,.3(M 

18,804 

720 

18,064 

I87S 

19.(NM) 

635 

628 

1,26.3 

20.2«k3 

1.273 

18,890 

IS79 

•J  LOCK) 

710 

556 

1.260 

22.2(>() 

1,000 

21,200 

ISSM) 

-;:{.2;w 

4.040 

2,a35 

6,081 

21»,320 

084 

28.6.36 

IHSI 

:{().( NK) 

1.430 

1.3«>4 

2,794 

32,794 

74r, 

32,048 

l.ViJ 

:t.{.7r»o 

9.204 

2.207 

11,411 

45,170 

745 

44.431 

IHXi 

:i«).872 

8.534 

l,0.'-,5 

10,189 

47.0<il 

420 

40.0.3.'i 

1SH4 

;i8.-)4-i 

2,935 

470 

3,411 

41.9.-,5 

M 

41,892 

lS8o 

40.088 

1.7.W 

920 

2,078 

43,.3(>0 

51 

43,315 

1880 

42.041 

2.150 

546 

2,090 

45..337 

4.'i9 

44.878 

1H87 

.')(>.:{40 

4,194 

40.3 

4,rw7 

.'>4.<»<»7 

08 

.54.9-29 

1H88 

.'>.'),«M);{ 

1,913 

148 

2,(K>1 

57.9«>4 

31 

57.9.33 

ISH9 

.>8.8<>«) 

1.020 

507 

i,r>:i:i 

00.393 

440 

.'i9.953 

1S9() 

07,;{42 

1.000 

391 

1,391 

08.733 

l.«>48 

67,085 

1891 

8«).2r»2 

404 

11 

415 

80.077 

2,147 

78..'>.30 

1892 

84.082 

149 

14 

10,3 

84.245 

0.247 

77.998 

IMia 

70.2.'>.') 

213 

14 

227 

70.482 

3,723 

72.7.'>9 

1894 

74,004 

194 

20 

214 

74.218 

1.804 

72.414 

1895 

87.591 

372 

21 

.39.3 

87.984 

1„'>.30 

86.454 

1896 

81.878 

520 

14 

.5.34 

82,412 

10.1.30 

72.282 

1S«J7 

100.:i87 

1.4.'i,3 

8 

1.401 

101,848 

14.245 

87.603 

18«.»8 

114. KM 

1.371 

1.371 

11.'),  4  75 

10..'>4N) 

KM. 975 

1899 

r2^t.<i75 

1.493 

1.493 

131.10.S 

r).7.'>5 

124.413 

P.MN) 

i2.{.2;ii 

1.007 

1,007 

124.238 

22.410 

101.8-28 

I'K)! 

140.822 

:i88 

;iS8 

141.210 

3,3'»0 

137.8-20 

19(U 

l.'>8.237 

019 

019 

l.'»8,8.'>0 

3.237 

l.V>.01U 

1<N»:< 

l.'>8,.'>(r2 

3«i4 

.304 

l.*>8..S<»<i 

1..V21 

157. .345 

liMM 

lsi.8o:{ 

407 

4r»7 

182.270 

10.073 

17-2.197 

l^.MI.'i 

201.748 

521 

521 

•2(y2.209 

5.510 

1W.753 

194Mi 

225.494 

2,204 

2,-2<M 

227,<198 

4.07(» 

-22.3.0-28 

!'"■  ' 

■  '  '  1  2 

i.ns 

.... 

1  :  - 

1  ..'WO 

rMi     i 

~ 

in  the  alM)vo  tal)Ie,  oonxumption  h:i«  Imtii  romputod  without  taking 
into  account  the  difTerrnco  in  storks  of  metal  on  hand  at  the  Ix^ginnini; 

19<I7.  fn>m  The*  Minor.il  Iixiiistr)'.  Tlio  Htntijitir»  in  thr  fourth  column  am  \hc  pnv 
ilurtion  of  Induitui  up  to  |s«i<.t;  of  ('oloni<io  from  I'.MM  onwnnl.  (<i)  Inrludini;  Iniluiiut 
(h)  Inrlu<tinx  '27 K>  tori.t  of  ilrotM  H|M-lt4-r.  Ir)  Inriuiliii);  '2tl75  totin  of  ilross  niH-ltrr. 
((/)  Inrlu<iin(;  'XUf2  tonN  of  (lro«wi  ii{)clt4>r.  (r)  Inrludinx  W<>Nt  Vinrinia.  mIu>>«-  t.|M4t4-r 
is  produced  from  Joplin  ore-     (/)  Inclu{iinfC.'i.'UM)  lunjiof  druMiipi*lt<'r 
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and  end  of  each  year,  statistics  for  which  are  unavailable  over  the  whole 
j^eriod  covered  by  the  talkie. 

Production  of  Zinc  Oxide  in  the  United  States 


Year 

Quantity 

Value,  f.o.b.  Works 

Tenor  in  Zinc  at  80% 

Short  Tons 

Metric  Tons 

Total 

Per  Short  Ton 

Short  Tons 

Metric  Tons 

1880.. 

10,107 

9,172 

763,738 

$75.38 

8,086 

7,338 

1881.. 

10,000 

9,083 

700,000 

70.00 

8,000 

7,266 

1882.. 

10.000 

9,083 

700,000 

70.00 

8,000 

7,266 

1883.. 

12,000 

10,899 

840,0(X» 

70.00 

9,600 

8,719 

1884.. 

13,000 

11,797 

910,000 

70.00 

10,400 

9,438 

1885.. 

15,000 

13,625 

1,050,000 

70.00 

12,000 

10,900 

1886.. 

18,000 

16,344 

1,440,0(K) 

80.00 

14,400 

13,075 

1887.. 

18,000 

16,344 

1,440,000 

80.00 

14,400 

13,075 

1888.. 

20,000 

18,149 

1,600,000 

80.00 

16,000 

14,519 

1889.. 

16,970 

15,390 

1,357,000 

80.00 

13,576 

12,312 

1890. . 

*20,000 

*18,140 

1,G00,(XM) 

*80.00 

*16,000 

*14,512 

1891.. 

23,700 

21,496 

1,600,000 

67.51 

18,960 

17,197 

1892.. 

27,500 

24,946 

2,200,000 

80.00 

22,000 

19,957 

1893.. 

25,000 

22,678 

1,875,000 

75.00 

20,000 

18,142 

1894.. 

22,814 

20,697 

1,711,275 

75.00 

18,251 

16,554 

1895.. 

22,690 

20,498 

1,588,300 

70.00 

18,152 

16,398 

1896.. 

15,863 

14,391 

1,189,725 

75.00 

12,690 

11,513 

1897.. 

26,262 

23,825 

1,686,020 

64.20 

21,010 

19,060 

1898.. 

32,747 

29,708 

2,226,796 

68.00 

26,198 

23,766 

1899.. 

39,663 

35,982 

3,331,692 

84.00 

31,730 

28,786 

1900.. 

47,151 

42,775 

3,772,080 

80.00 

37,721 

34,220 

1901 . . 

46,500 

42,266 

3,720,000 

80.00 

37,200 

33,813 

1902.. 

52,730 

46,929 

4,028,299 

76.30 

42,184 

37,543 

1903.. 

59,562 

54,034 

5,005,394 

83.69 

47,650 

43,227 

1904.. 

59,613 

54,081 

4,523,414 

75.88 

47,090 

43,265 

1905.. 

65,403 

59,349 

5,232,240 

80.00 

52,322 

47,479 

1906.. 

77,800 

70,573 

6,257,361 

80.43 

1907. . 

85,390 

77,449 

7,731,100 

90.54 

The  statistics  of  production  and  price  in  the  above  table  from  1880  to  1892,  both 
years  inclusive,  are  from  the  reports  of  the  U.  S.  Geological  Survey.  Apparently  the 
figures  for  1881-1888  are  approximate  estimates  rather  than  totals  based  on  reports 
from  the  producers.  The  statistics  from  1893  to  1906,  both  years  inclusive,  are  as 
reported  by  The  Mineral  Industry.  The  figures  marked  with  an  asterisk  are  estimated. 
The  production  for  1906  and  1907  includes  zinc-lead  pigments,  and  consequently  is 
not  strictly  comparable  with  the  figures  for  the  previous  years. 

The  production  of  zinc  oxide  in  the  United  States,  with  the  exception 
of  an  iasignificant  quantity,  is  made  directly  from  ore,  whereas  the  oxide 
produced  in  Europe  is  obtained  by  the  combustion  of  spelter,  its  manu- 
facture in  that  way  constituting  one  of  the  important  channels  of  Euro- 
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\n'nti  .s|ioltrr  ••<>ri'>uiiijit  iiiii  III  I  >iii-i'irring  th«*  rii:iti\«'  irii|H)rt:irii°4>  of 
the  riiit«'tl  Stati's  :ls  h  /.iiir-pHMliirin^  (oiiiitry,  thrirfon*.  il.-*  |>nMiiiriion 
of  I'mc  <>\itlr,  nMtiirtMl  to  tlio  li;L«is  of  \U  tenor  in  iiictallir  zinc,  hIioiiIiI 
Ik*  addt'tl  to  tlu>  pnxliirtion  of  sfn^ltrr. 

Cosni'MiTioN  or  Ziv«-  WiiiTK  IS  Tiir.  rNireo  Statim 

I  In  l.rti^  ..I   JIM)  III   I 


Vc«r 

Impurtt 

Supply 

Kipuni 

CuiMUfnplitja 

Sborf  toaa 

Mnnc  i<At 

\HM 

2-J.SI4 

l.l>SU 

24..'i<IO 

nil 

24  M*} 

V.tJMV) 

17.777 

1KU5 

2-J.WM) 

2.273 

24,«Nk3 

24 

24.939 

19,9.'.l 

is.ir.Hl 

isy« 

l.1..s<i;{ 

2.2S«J 

1 H.  1 49 

2.324 

15.S25 

12.(Mi0 

1I.1VJ 

l«i7 

20.-MIJ 

2.7S2 

29.014 

1..S59 

27.1S.J 

21.74S 

19.725 

IKUH 

32.747 

1.071 

34.4  IS 

3.925 

.•«).493 

24.:W4 

•22.125 

1S99 

;w.«i«i.{ 

1  .MtO 

41. UK) 

5.343 

.35.S2« 

2K.«Mil 

1900 

47.151 

i.:i09 

4S.460 

5.«56 

42.SJM 

34.243 

1901 

4(i..^>(M) 

1  ,U%) 

4S.1()0 

4.5«1 

43..V39 

.34..V3I 

:i.'.<'7 

1902 

5J.7:«> 

i.G:<r» 

.'■)4.;«WJ 

5..i.'>S 

49.IN)S 

.39._'(»; 

■  '•'<   iTT 

1903 

59..*.«i2 

1.743 

01.31).'; 

7.215 

.'>4.(I'.K» 

43.272 

■''  J*i7 

1904 

.w.r.i.i 

1 .2'J3 

Ml.9U(i 

S.l.*>7 

52.749 

42.I'.H.» 

.;^  -'•».{ 

19(« 

li.'..4(».{ 

1,7IS 

«7.I2I 

1 1 .2S() 

.')5..S41 

44.673 

4u..'i;w 

IINM 

ll.Sl*) 

2.1U0 

79.900 

15..'i7S 

64. .322 

I'.mjT 

K5.:i90 

2.6.'k} 

K.S.(>4(i 

13.250 

74.790 

!';» ■   I-    1^M>   ;lie  only  available  stai.-;.--  .-;    A,,,.,,.....   ...,,-..;- 

aixl  ex|)ort.s  of  zinr  white  are  for  fi.'^ral  years  emlinK  'hiuv  Mt,  whirh  are 
of  course  useless  for  comparison  with  the  pnxitiction  reportetl  f«»r  calentlar 
years. 

The  import.s  entere<l  in  the  alnive  tal»le  rei>re.sent  only  dry  zinc  oxide, 
U'«<i<les  wliirh  a  small  (piantity  of  zinc  oxide  ground  in  oil  Is  hrouf^ht  into 
the  I'nited  States. 

Previous  to  IS'17  the  ex|x»rt.s  re|>orted  alK)ve  include  zinc  ores,  corre- 
8|)ondinc  to  "oxide  and  <tre"  of  the  W  S.  Mureau  of  .Siati.sli«s  enuniera- 
tion.  Tlu-re  w:i.s.  however,  hut  little  ore  ex|)ortetl  U'fore  I.Si»7,  when  larpe 
shipment.s  fn»m  New  Jerxey  first  lie^an  to  lie  made. 

The  imp<trts  of  zinc  white  into  the  I'nited  Stat<«s  and  the  supply  fn»m 

ISS'i     t.i      ISMl     Mt.r..     ..^     r..n..li.     III.     t.,...     ..t'    'MUUI    li.     \- 


Prtxiiirtion  I  IR.OOO  j  18.000     20.000     10.970 

Imp«.rt.«  '     l,7r>:i       2,4.«<1  '        70|        1.343 

Supply  iy.7iU     2tl.l.Sl     2«».70l      1.h,3I3 
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Production  of  Zixr  Ore  in  the  United  States 

There  aro  no  comiilete  statistics  of  the  jiroduction  of  zinc  ore  in  the 
United  States,  but  the  output  of  the  most  iinj^ortant  districts,  namely, 
Xew  Jersey  and  Kansas-Missouri,  is  rejwrted  satisfactorily,  the  former 
by  the  Xew  Jersey  Geological  Survey  and  the  latter  by  the  local  journals, 
the  reports  of  which  are  summarized  regularly  by  The  Mineral  Industry. 
The  statistics  of  the  jDroduction  of  those  two  districts  are  presented  in 
the  following  table: 


Production  of  Zinc  Ore  in  the  Most  Important  Districts  of  the  United  States 

(In  tons  of  2000  and  2240  lb.) 


Year 

a.  New 

b.  Kansas 

Year 

a.  New 

Jersey 

Missouri 

Jersey 

1881 

49,178 

58,200 

1888 

46,377 

1882 

40,138 

60,300 

1889 

56,154 

1883 

56,085 

63,700 

1890 

49,618 

1884 

40,094 

74,300 

1891 

76,032 

1885 

38,526 

74,000 

1892 

77,298 

1886 

43,877 

85,400 

1893 

55,852 

1887 

50,220 

98,300 

1894 

59,382 

b.  Kansas 
Missouri 


Year 


102,350 

106,750 
122,850 
145,550 
154,800 
139,770 
147,310 


11895 
1896 
1897 
1898 
1899 
1900 
1901 


a.  New 
Jersey 


C    .   .   .   . 

78,080 

76,973 

99,419 

154,447 

194,881 

191,221 


b.  Kansas 
Missouri 


Year 


144,487 
155,333 
177,976 
234,455 
255,088 
248,446 
258,306 


a.  New 
Jersey 


1902  209,386 

1903  279,419 
1904 '250, 025 
1905'323,062 
19061361,330 
1907  329,205 


b.  Kansas 
Missouri 


262,545 
234,873 
267,240 
252,435 
280,062 
286,589 


(a)  tons  of  2240  lb.  (6)  production  of  Joplin  district  only,  ton.s  of  2000  lb.;  in 
addition  to  the  production  in  the  Joplin  district  there  is  a  small  output  in  southeast- 
em  Missouri. 

The  only  statistics  of  zinc  ore  production  in  other  parts  of  the  United 
States,  which  are  available,  are  very  incomplete.  According  to  The 
Mineral  Industiy,  vol.  II,  the  production  of  zinc  ore  in  Virginia  and  Ten- 
nessee was  8420  tons  in  1887,  11,500  in  1888,  12,906  in  1889,  14,969  in 
1890,  20,287  in  1891,  20,295  in  1892,  and  21,000  in  1893.  According 
to  recent  volumes  of  The  Mineral  Industry  there  was  a  production  of 
3799  tons  of  blende  in  Tennessee  in  1899,  and  3968  in  1900.  The  pro- 
duction of  zinc  ore  in  Wisconsin,  chiefly  blende,  was  reported  to  have 
been  15,000  tons  in  1900.  Since  1898  there  has  been  a  large  and  increas- 
ing production  of  zinc  ore  in  Colorado.  The  output  of  that  State  in  1900 
was  reported  by  H.  A.  Lee,  State  Commissioner  of  Mines,  as  having 
amounted  to  77,984  toas  of  ore,  averaging  42%  Zn.  That  total  un- 
doubtedly includes,  however,  the  ore  that  was  consumed  for  the  manu- 
facture of  zinc-lead  pigment  at  Canon  City,  Colo.,  and  for  the  manufacture 
of  zinc  white  at  Mineral  Point,  Wis. 


(•(»M\Ii;U(I  \l,  (ONIUIIn:.-; 


.ill 


Yew 

SlmrtTaiM 

Taul  Vahie 

Vata*  per  1  •■» 

NirlricToA. 

IH«I7 

<».-':.  1 

2n.:i.'>o 

$•22  .K5 

s.{"»l 

isus 

1 1 .7SJ 

2«.»'.>..S7() 

•J.'>.54 

I().«IMJ 

IS*»«.» 

2S.2JI 

7.':..'.>n 

'-'.'•..72 

2.'».0O2 

l*KN> 

IJ.CMVJ 

i.i.u.:.7() 

215  U.l 

■.is.ird) 

I'.Ntl 

III  til 

1.1<>7.«VS| 

jr.  4.-. 

4(MM0 

I'.ML' 

:..">. 7;a 

l.H't.lOl 

21')  (N) 

r.!  »..>.'><) 

I'.HKi 

;{'.».  Ill 

'.>.S7.(HH) 

2.'>.IM 

:«,740 

11H>I 

;<;..<»  11 

•.»(».'., 7m' 

2').-22 

32..'i7l 

I'.Mk'. 

:«>.'.•  JCi 

sis.i.-.i 

27.41 

2.S.(NW 

I'KN't 

•.'7,7-'(> 

7:{:{,:{iK) 

2r».4'. 

25.142 

I'M  (7 

L'0,351 

679,490 

28.47 

18.4G2 

There  were  occasional  exporUi  of  line  ore  from  the  United  States  previous  to  1897, 
liut  ihry  wt'Tv  not  rpix»rl«tl  s»'p»ini(«'ly  in  the  ofTirial  .statist ir.>«.  Tin*  quantity  was  not 
Inrfji'  in  !»ny  year. 

St.xtistk's  of  Phick 

'1  ho  ihicf  niarkot.s  of  tlio  world,  wherein  the  prire.s  whicli  povern  the 
/inc  iiuh>.><try  are  estahU.sheil,  an*  New  York,  St.  LouLs.  I>)niion,  ami  Bres- 
hiu.  The  price  made  in  I>indon  practieally  govenw  the  indiistrj'  in 
l']uro|x*.  althonjih  the  l)usine.~;.>>  in  IpiH-r  Sile.><ia  Ls  tran.><afte<l  on  the  basi.s 
of  tlie  price  at  Hre.shiu;  tlie  latter  generally  pre.sorvcs,  however,  a  certain 
rehition  to  the  I^ondon  price.  In  the  I'nited  States  the  bii-siness  U  traiis- 
acte<l  chiefiy  on  the  \k\s\s  of  the  price  of  .sfx'Iter  at  St.  I>>ui.s.  The 
New  \'ork  price  corre.sjX)niU  with  the  St.  I»ui.s  price,  phi.s  tlic  diflfercnce 
in  the  cost  of  tran.'<iK)rtation  to  the  two  point.s.  That  difTerence  is  not 
nu'rely  the  fn'i;:ht  rate  from  St.  I/)ni.s  to  New  ^'f)rk.  hut  i.s  the  variation 
lietwcen  the  rate.s  from  Kan.s;ts  .smeltinp  |)oint.s  to  New  York  ami  St.  I»uLs 
re.sfx»etively.  The  difTerence  l)etwcon  the  New  York  and  St.  IxJiiis  prices 
at  pre,«<ent  i.s  $0.1.5  jxr  10()  ll>.  The  diffenMice  l)etween  the  New  York 
and  St.  Ixmi.s  price  varies  coiLsecjUently  from  time  to  time  according  to 
the  freight  rates,  Imt  f«>r  many  years  it  hjts  l)eon  (piite  steadily  $().  15. 

.Mthoiigh  the  im|>ortation  of  s|M'lter  into  the  I'liiteii  States  from 
IJiro|)c  is  practically  prohil)ite<l  by  the  tariff  of  1.5  c.  jier  lb.,  ami  the 
Anwrican  price  of  s))rlter  is  consequently  to  a  consitierable  extent  inde- 
pendent of  the  Kunijx'an  pri<'e,  there  is  nevertheless  at  many  times  an 
intimate  relation  U'tween  the  prices  of  the  two  Continents,  lx»can.sc  of 
the  ability  of  American  producers  to  ex|x)rt  zinc  at  a  pmfit  tinder  certain 
con<litions.  The  fn-inht  rate  on  s|¥'lter  fn>m  Kans:us  smelting  |Miint.s 
to  Liverp<M)l  ranges  fn»m  $<).'J5  to  $<).  10  |>er  UK)  lb.  (it  hxs  lx»en  jus  low 
a-s  $0.22  jier  tOO  lb.).  Conseqtiently.  if  at  any  time  the  price  of  sjielter  at 
I^Muliin  rises  materially  aUne  the  price  at   New  York,  the  e\|Mirtation 
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of  spelter  from  Kansas  to  Europe  tends  to  reduce  the  European  price  to 
the  American  level,  or  vice  versa  to  cause  the  American  price  to  rise  to 
the  European  level. 

The  average  monthly  price  of  spelter  at  New  York  and  the  average 
annual  price  at  London  and  in  the  principal  markets  of  Germany,  for  a 
long  period  of  years,  are  give  in  the  subjoined  tables.  The  New  York 
prices  are  as  given  in  The  ^Mineral  Industry;  the  authorities  for  the  English 
and  German  prices  are  stated  in  each  case. 

AvEK.vGi:  Monthly  Price  of  Prime  Western  Spelter  at  New  York 

(In  cents  per  lb.) 


Jan. 

Feb. 

Mar. 

.^pril 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1875. 

6.56 

6.46 

6.35  6.75 

7.20 

7.20 

7.30 

7.175 

7.175 

7.275 

7.275 

7.275 

7.00 

1876. 

7.50 

7.625 

7.685 

7.80 

7.875 

7.625 

7.185 

7.125 

6.96 

6.685 

6.495 

6.435 

7.25 

1877. 

6.375 

6.56 

6.435 

3.31 

6.125 

5.995 

5.745 

5.85 

5.81 

5.80 

5.745 

5.625 

6.03 

1878. 

5.625 

5  435 

5.435 

5.125 

4.81 

4.435 

4.625 

4.685 

4.81 

4.66 

4.625 

4.31 

4.88 

1879. 

4.375 

4.51 

4.495 

4.50 

4.375 

4.245 

4.56 

5.21 

5.81 

6.185 

6.06 

6.125 

5.036 

1880. 

6.185 

6.56 

6.625 

6.31 

5.81 

5.31 

4.935 

5.06 

4.935 

4.935 

4.775 

4.70 

5.51 

1881. 

5.06 

5.185 

4.935 

4.935 

5.935 

4.875 

4.875 

5.06 

5.215 

5.31 

5.685 

5.935 

5.243 

1882. 

5.875 

5.685 

5.495 

5.375 

5.435 

5.31 

5.245 

5.31 

5.245 

5.245 

4.995 

4.685 

5.325 

1883. 

4.56 

4.56 

4.685 

4.675 

4.625 

4.495 

4.40 

4.35 

4.45 

4.40 

4.385 

4.36 

4.495 

1884. 

4.285 

4.325 

4.50 

4.575 

4.525 

4.455 

4.50 

4.57 

4.56 

4.475 

4.35 

4.125 

4.443 

1885. 

4.31 

4.275 

4.21 

4.21 

4.175 

4.05 

4.25 

4.50 

4.56 

4.56 

4.525 

4.525 

4.345 

1886. 

4.40 

4.455 

4.55 

4.55 

4.50 

4.375 

4.35 

4.35 

4.325 

4.275 

4.275 

4.425 

4.40 

1887. 

4.55 

4.55 

4.475 

4.45 

4.55 

4.55 

4.575 

4.55 

4.50 

4.525 

4.775 

5.40 

4.625 

1888. 

5.425 

5.35 

5.10 

4.85 

4.65 

4.55 

4.55 

4.75 

4.975 

5.05 

4.90 

4.875 

4.91 

1889. 

5.00 

4.95 

4.75 

4.675 

4.75 

4.975 

5.10 

5.20 

5.175 

5.10 

5.20 

5.40 

5.023 

1890. 

5.41 

5.28 

5.187 

5.085 

5.35 

5.575 

5.55 

5.275 

5.06 

6.012 

6.122 

6.106 

5.55 

1891. 

5.55 

5.025 

5.125 

5.00 

4.85 

5.083 

5.063 

5.01 

4.958 

5.02 

4.83 

4.75 

5.02 

1892. 

4.69 

4.62 

4.89 

4.68 

4.79 

4.71 

4.78 

4.69 

4.53 

4.41 

4.47 

4.40 

4.63 

1893. 

4.39 

4.33 

4.28 

4.38 

4.41 

4.27 

4.13 

3.89 

3.69 

3.68 

3.65 

3.80 

4.075 

1894. 

3.56 

3.85 

3.89 

3.62 

3.47 

3.40 

3.43 

3.38 

3.44 

3.45 

3.36 

3.43 

3.52 

1895. 

3.28 

3.20 

3.23 

3.30 

3.50 

3.65 

3.75 

4.15 

4.30 

4.10 

3.55 

3.49 

3.63 

1896. 

3.75 

4.03 

4.20 

4.09 

3.98 

4.10 

3.97 

3.76 

3.60 

3.72 

3.99 

4.14 

3.94 

1897. 

3.91 

4.02 

4.12 

4.13 

4.21 

4.21 

4.32 

4.26 

4.18 

4.17 

4.03 

3.89 

4.12 

1898. 

3.96 

4.04 

4.25 

4.26 

4.27 

4.77 

4.66 

4.58 

4.67 

4.98 

5.29 

5.10 

4.57 

1899. 

5.34 

6.28 

6.31 

6.67 

6.88 

5.98 

5.82 

5.65 

5.50 

5.32 

4.64 

4.66 

5.75 

1900. 

4.65 

4.64 

4.60 

4.71 

4.53 

4.29 

4.28 

4.17 

4.11 

4.15 

4.29 

4.25 

4.39 

1901. 

4.13 

4.01 

3.91 

3.98 

4.04 

3.99 

3.95 

3.99 

4.08 

4.23 

4.29 

4.31 

4.08 

1902. 

4.27 

4.15 

4.28 

4.37 

4.47 

4.96 

5.27 

5.44 

5.49 

5.38 

5.18 

4.78 

4.84 

1903. 

4.87 

5.04 

5.-35 

5.55 

5.63 

5.70 

5.66 

5.73 

5.69 

5.51 

5.39 

4.73 

5.40 

1904. 

4.863 

;  4.916 

5.057 

5.219 

5.031 

4.760 

4.873 

4.866 

5.046 

5.181 

5.513 

5.872 

5.100 

1905. 

6.190 

G.1.39 

6.067 

5.817 

!  5.434 

5.190 

5. .396 

5.706 

5.887 

6.087 

6.145 

6.522 

5.882 

1906. 

6.4S7 

6.075 

6.209 

6.087 

5.997 

6.096 

G.(K>6 

6.027 

6.216 

6.222 

6.375 

6.593 

6.198 

1907. 

6.732 

6.814 

6.837 

6.685 

6.441 

6.419 

6.072 

5.701 

5.236 

5.430 

4.925 

4.254 

5.962 

COMMKHCIAL  CONDITION'S  .143 

Tlic  price  of  sm-ltor  \\ns  Uhmi  .suhjcct  to  \vi«lc  fliirtiiation^,  OHiJcrially 
in  tlio  liiittni  States,  where  the  ran^e  has  Im»<'u  fnmi  7.H7.'>  v.  (the  averajje 
for  May.  lS7(i)  to  'A.'20  c.  (the  average  for  I'eliniary,  iSU/i).'  The  maxi- 
imitn  price  wiu^  attained  at  a  time  when  the  market  waM  ('(Mitrotled  liy  u 
eonihination  of  pnnlurers  which  w:i.s  or^ani/x><l  for  the  piir|>oHc  of  cnhan- 
cinj;  the  value  of  spt'ltrr  ami  was  teniiKtrariiy  successful  in  doinj;  so.  The 
ininiinuiii  price  w:l><  (jU«>tod  duriuK  the  jK'riod  (»f  drpn'ssiuri  which  followed 
the  panic  »»f  lS«>;i. 

The  decline  in  the  pine  i.i  >[)elter  which  l)en:iii  m  ls71  ;iii<i  i-otitinued, 
with  only  two  checks,  until  1HN">  is  attril»utal)le  chiclly  to  the  new  supply 
of  rich  ore  that  in  IS70  l)ej;an  to  \)C  offered  in  the  form  of  lilende.  At 
alKnit  the  same  time  the  I'nited  States  iKJgan  to  l>e  an  im|>ortant  pr«»- 
du<-er  of  zinc,  its  im|K>rtations  from  abroad  dwindled  down,  and  tiiis  outlet 
for  luirofwan  s|)eltcr  ^ra<lually  l)ecame  closed.  Simultaneously  there 
was  a  heavy  increase  in  the  world's  j)roduction.  I'p  to  1S7()  the  sjielter 
pnnluct  «»f  luirope  w:ls  derived  almost  exclusively  from  calamine.  Bleiule 
lunl  l)een  mined  and  smelted  in  IVd^ium  jis  early  as  1S45,  l)Ut  the  output 
of  that  Kinpd«im  never  attained  much  maKuitude.  The  lV'li:ian  pn»- 
iluction  i>f  calamine  had  Ikh'U  on  the  wane  since  ls.'>().  In  1S7()  the  S<har- 
ley  anil  Marie  mines,  which  had  previously  U'en  the  most  im|M»rtant 
producers  in  rp|)er  Silesia,  came  to  the  eiid  of  their  resources,  hut  in  the 
same  year  the  blende  of  the  district  l)ej:an  to  U*  utilized,  althotijih  its 
pnxluetion  did  not  lussume  large  projHJrtions  until  nearly  10  years  later. 

The  abnormally  high  prices  for  s|»elter  in  the  I'nited  States  in  1S75 
and  IS7(i  were  t4)  a  large  extent  artificial.  U'ing  <lue  to  the  mani|»ulatioits 
of  a  coml)inati<>n  of  the  Western  producers,  which  w:ls  formed  in  the 
spring  of  1S75.  In  April.  1S7G.  it  succeetled  in  raising  the  nominal  price 
of  spelter  to  S  e.,  New  York,  hut  pnnluction  ha<l  U'en  stimul.ited.  «'on- 
sumption  restricted  and  stocks  accumulated,  so  that  in  June,  ls7ti.  the 
comliinatiitn  w;is  practically  disrupted,  this  Ining  followed  l»y  a  rapid 
decline  in  the  price.  In  1.S79  and  ISSJ  syndicat«'s  to  control  production 
and  price  were  organized  in  Murojie,  hut  their  efforts  were  of  only  tem- 
|M»rary  effect  on  the  market,  which  continued  to  sag  tinder  the  weight 
of  the  heavy  pnnluction.  During  the  decade  ISSI  IS'K)  the  ex|M»rts  of 
s|>eller  fn)m  Kunnie  to  the  Tnitetl  States  again  UM-am*'  «»f  ronsideraliie 
in)|Mirtance,  attaining  :i  maximui]i  of  11,111  short  tons  in  IHS'J  (in  which 
year  the  .American  pnxluetion  w:us  :{.'i.7(M  ti»ns).  hut  since  l>vs7  foreign 
-|X'lter  h:uH  ceased  to  Ih»  of  any  con.se(|nence  in  the  American  nuirket. 
In  IHSS  there  wjis  formed  in  Mumpe  a  con«l»ination  <if  the  I'rench.  (ler- 
man.  and  liritish  pnMlucers  t«»  n»strict  pn>duction.  which  wetit  into  effect 
in  1H89  and  continued  to  the  end  of  IS'.M.  This  was  probably  the  liest- 
sustained  effort  to  regtilate  the  price  of  s|¥lter.  but  altliough  it  had  a 
'  III  K«"l»niJir>*,  IS9.'i.  f«|M-l(nr  n(  oim*  liiiir  luurhiii  'J 'Kl  r.  at  St    I^oiiiji. 
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temporary  influence  on  the  market  it  could  not  prevent  production  by 
new  concerns,  who  were  led  into  the  business  ])y  the  attraction  of  high 
prices  and  large  profits,  and  its  ends  were  thus  defeated. 

Since  1890  the  predominant  features  in  the  zinc  market  have  been 
the  sagging  of  prices  under  increasing  production  in  the  early  part  of  the 
decade;  the  enormously  increasing  production  in  the  United  States  and 
the  beginning  (in  1896)  of  large  exports  to  Europe;  the  decrease  in  the 
cost  of  smelting  in  the  United  States  because  of  the  utilization  of  the 
natural  gas  resources  of  Kansas  and  improvements  in  the  metallurgical 
practice;  and  the  increase  in  the  cost  of  smelting  in  Europe  because  of 
the  rise  in  the  value  of  coal,  especially  toward  the  end  of  the  decade. 
There  was  a  period  of  industrial  depression  in  both  Europe  and  America 
in  1893  to  1895;  and  a  recovery,  which  culminated  in  a  boom  in  1899 
and  the  early  part  of  1900;  followed  by  a  depression  in  Europe,  which 
caused  a  great  decline  in  the  price  of  spelter  there,  and  sympathetically 
a  corresponding  decline  in  the  price  in  the  United  States,  although  the 
period  of  general  industrial  prosperity  continued  here,  save  for  a  tempo- 
rary setback  in  1901  and  1903.  It  will  be  observed,  from  the  accompany- 
ing table  how  since  1890  the  American  price  for  spelter  has  preserved  a 
rather  constant  relation  to  the  European  price,  although  spelter  in  Europe 
can  no  longer,  under  normal  conditions,  enter  the  American  market. 
Beginning  in  1905,  and  continuing  up  to  the  early  part  of  1907,  there 
was  another  period  of  great  industrial  activity,  creating  increased  demand 
for  spelter,  which  again  carried  prices  to  a  high  level. 

Average  Annual  Price  of  Spelter  in   New  York  and  London,   Reduced    to 

Cents  per  Pound 


Year 

New  York 

London 

Year 

New  York 

London 

1871 

4.008 

1889 

5.023 

4.299 

1872 

4.881 

1890 

5.550 

5.048 

1873 

5.691 

1891 

5.020 

5.049 

1874 

4.973 

1892 

4.630 

4.527 

1875 

7.000 

5.2.32 

1893 

4.075 

3.783 

1876 

.   7.2.50 

5.068 

1894 

3.520 

3.359 

1877 

6.0.30 

4..3.33 

1895 

3.630 

3.175 

1878 

4.880 

3.888 

1896 

3.940 

3.608 

1879 

5.036 

3.609 

1897 

4.120 

3.803 

1880 

5.510 

3.989 

1898 

4.570 

4.443 

1881 

5.243 

3.5.38 

1899 

5.750 

5.405 

1882 

5.325 

3.693 

1900 

4.390 

4.407 

1883 

4.495 

3.329 

1901 

4.070 

3.702 

1884 

4.443 

3.110 

1902 

4.840 

4.321 

1885 

4.345 

3.043 

1903 

5.400 

4.560 

1886 

4.400 

3.097 

1904 

5.100 

4.913 

1887 

4.625 

3.302 

1905 

5.882 

5.529 

1888 

4.910 

3.932 

1906 

6.198 

5.869 
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AvKHActC  Monthly   rmcE  or  Zinc  Hlknur  Ohk  at  Joi'lin,  .M< 

(Tntr  |KT  3000  ll>.  ul  (>rc  in  rruducm'  Uiiu) 


Vrjr 

JM. 

Fet>. 

llw. 

April 

May 

June 

July 

1 

^Vi 

$;inri 

1  S'.l'i 

*          v-i  no  9:3  00   k;i  ao  (31  00  »3i  so  j3i  <*t  j.o 

IS37 

.'.'  ■ 

110    21  125    2HKI    21  s75   22  50    22  50    :>. 

IhttS 

.  i  itO    24  iV>      2i>  5n    2s  50 

js  (HI      ■»   1- 

ISW   .  . 

11  to    51  50      50  50    45  50 

44  . 

1900 

.  '  .'  > 

.'  ;      .'^  45    2.S42  ,   2ti92    25 «) 

24  . 

IWl 

.'.(  7.1 

:  t  •»•.    2.«  70    24 .&S  1   24.3.S    24  22 

24' 

-•4  21 

l'.»0.' 

.•<.  75 

27  00    2S  00    2H  S5      20  23    34  10 

34  1, 

W73 

I'Xll 

3«S0 

32  5»)    35  75    37  75  ;  3«i  <10    3«>  5<) 

3<">  (Ml    ^*  00     M  40 

;i4  44» 

JO  ;:> 

;iooi> 

34  44 

I'MM 

32  12 

34  00    3ti  no    3('.  40      34  03    32  i°>2 

3500    3700    4040 

40  00 

44  25 

4<i  13 

37  40 

l'»t»,'i 

51  9* 

53»i5|   47  40    43  93      43  74     40  75 

43  00J  50  24    4t.  W) 
43  S.S    44  3X    43  20 

49  37 

50  37 

47<i7 

47  40 

l-MXi 

49  33 

49  25;    45  tV)    44  00  {   4150    44  20 

42  50 

44  43 

45  55 

44  H3 

«•,  ■».. 

f  W           11                 ■»                           f>t        »     ,                   1.        •»<   1             1           IMI 

' ■■      "■"■ 

"" 



The  statistics  of  the  alM)ve  talde  are  taken  from  various  vohinies  of 
The  Mineral  Imhistry  with  the  exception  of  those  for  1!HM)  and  l'.K)l, 
for  which  years  the  vaUies  re|x)rte(l  by  the  V.  S.  (leolopical  Survev  have 
l)een  a(loptc<l.  The  Mineral  huhistry  and  the  V.  .S.  CJcolopical  Survey 
aprec  a.s  to  the  vahies  for  the  years  1S'.)G-1S«)<),  Imth  inchisive.  There 
are  no  complete  statistics  avaihil>le  for  the  years  previous  to  1S9C.  The 
Mineral  Industry  reports  the  foUowinp  avera^jes:  ISS\),  $2");  IS'.K).  $2.'MKJ; 
ISOl.  $25.«K);  1S«)2.  $2'2.rr();  1H93,  $19.25;  ISIM.  $17.10.  The  Mineral 
Industry  made  no  quotation  for  ISO');  Prof.  Krasmus  Haworth,  State 
(Jeolopist  of  Kani^as,  gives  the  average  for  that  year  jis  Sl'.KGS,  In  the 
earlier  years  the  figures  represent  the  value  of  the  average  gratle  of  ore 
marketed.  Since  l.SDO  they  represent  the  average  value  of  ore  assaving 
60rf  zinc. 

In  the  early  part  of  the  decade  1S{K)-HKKJ  the  average  grade  of  the 
ore  produced  in  the  district  was  prol)al)ly  l>etween  />C','  and  '>s^,'  Zn; 
certainly  not  more  than  'tS'",  ■  Alxiut  I'.KK)  the  average  was  prohaMy 
very  clo.sc  to  6()''^ ,  which  is  rated  as  the  "standard"  ore  of  the  district. 
A  g(H)d  deal  of  ore  a.s.saying  ()2%  to  63%  Zn  is  pmduced.  and  occasionally 
lots  assaying  as  high  as  OJ.')';.  During  the  last  four  or  five  years  the 
average  grade  has  l)cen  alM)Ut  5S'^,'  zinc,  which  is  repre.sentativc  of  the 
pre.'ient  pr<»duction. 

The  zinc  mining  and  smelting  industry  of  the  Tnite*!  States  has  expc- 
rience<l  many  con.s<»li<lations.  htjt  nothing  approaching  the  organization 
of  a  tnist.  although  stich  has  .«»everal  times  l>een  attempted.  The  owner- 
ship of  the  producing  mines  is  so  widely  scattered  that  anything  like 
.securing  control  of  the  ore  supply  has  lx»en  out  of  the  question,  and  that 
Ix'ing  the  case  it  has  been  too  ejisy  a  matter  to  build  new  ami  competing 
smelting  works  to  make  the  purchase  of  the  e.xLnting  works,  at  the  high 
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prices  demanded  for  many  of  them,  a  safe  venture,  which  has  been  per- 
ceived even  by  the  most  reckless  capitalists. 

In  1S96  many  of  the  smelteries  of  Kansas  and  Missouri  were  consoli- 
dated by  the  Cherokee-Lanyon  Spelter  Co.,  but  a  new  lot  of  works  imme- 
diately sprang  up,  and  in  1901  the  competition  of  smelters  in  the  gas 
field,  into  which  the  Cherokee-Lanyon  company  had  been  slow  to  enter, 
practically  put  the  latter  out  of  business  after  a  brief,  unsuccessful  career, 
with  a  lot  of  worthless  old  works  on  its  hands.  In  1896  also  was  organized 
the  New  Jersey  Zinc  Co.,  which  has  elsewhere  been  referred  to.  This 
company  is  often  called  the  "  zinc  trust,"  but  it  is  not  a  trust,  being  simply 
a  very  big,  very  rich,  and  very  successful  corporation.  However,  it  is 
a  trust  in  so  far  as  it  controls  the  production  of  zinc  oxide,  which  is  done 
through  technical  experience  and  trade  prestige,  and  in  the  Eastern 
market  only  ])v  control  of  the  ore  supply.  Also  the  New  Jersey  Zinc  Co. 
has  control  of  the  production  of  high-grade  spelter,  a  comparatively 
small  business,  which  is  also  by  possession  of  the  sole  ore  supply.  In 
1899  another  group  of  Kansas  smelters  was  consolidated  by  the  Lanyon 
Zinc  Co.,  and  in  1902  still  another  group  was  purchased  by  the  Prime 
Western  Spelter  Co.,  a  subsidiary  of  the  New  Jersey  Zinc  Co.,  but  as  fast 
as  works  were  bought  up  others  sprang  up  and  the  only  result  was  to 
introduce  these  large  companies  into  the  business  and  to  some  extent 
effect  concentrations  of  interest,  which  on  the  whole  was  probably  to 
the  general  advantage  of  the  zinc  industry. 

Previous  to  1876  the  domestic  production  of  spelter  was  far  from 
adequate  to  supply  the  demand.  In  that  year  the  imports,  both  of  spelter 
and  sheet,  dwindled  into  insignificance.  In  1880-1883  there  were  again 
rather  large  imports,  which  were  due  to  the  offerings  of  European  smelters 
at  low  prices.  Since  1883  American  smelters  have  had  control  of  the  home 
market,  the  importations  having  been  of  no  particular  consequence  in 
any  year.  Since  1890  there  has  been  a  steady  exportation  of  a  small 
quantity  of  high-grade  Virginia  and  New  Jersey  spelter.  Early  in  the 
nineties  the  Western  smelters  also  began  to  export  their  surplus  metal 
at  times  of  depression  in  the  home  market,  and  thus  served  back  the 
Europeans  precisely  as  they  had  formerly  operated  in  the  American 
market. 

The  position  of  zinc  in  the  tariff  laws  has  been  as  follows: 

In  the  Act  of  May  2,  1792,  lapis  calaminaris  —  calamine  —  was  put 
on  the  free  list.  It  continued  on  the  free  list  until  the  Act  of  Aug.  30, 
1842,  when  through  an  oversight  (probably)  it  was  unenumerated  and 
therefore  fell  under  the  "catch-all"  clause  which  fixed  a  duty  of  20% 
ad  valorem.  In  the  same  Act,  "teuteneque"  (spelter)  was  specifically 
made  free  of  duty,  wherefore  it  could  hardly  have  been  intended  to  make 
calamine  dutiable.     However,  in  the  Act  of  July  30,   1846,  calamine, 
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uiidrr  that  naiiic.  uas  madr  diitiahlr  at  'JO','  a<l  valon'in,  \\lii«-h  was 
jKMMiliar.  inasimicli  as  in  tlio  samr  a<'t  tlif  rate  on  sjwlter  was  only  5%. 
Tlio  Act  ol  March  '.i.  IS.')7.  nMhicod  the  <hity  to  1')','.  The  A<t  of  March 
■J.  istil.  put  cahtinine  on  the  free  ILst,  where  it  hits  remained  in  every 
suhseiiuent  tariff. 

Nowhen'  in  any  tariff  hiw  is  /inc  ore  nu-ntioncd  except  as  cahiiuine. 
I'nr  1(K)  years  the  njatter  was  of  no  consefjuence.  There  were  oerasionul 
small  imjHtrtations  of  calamine.  l>ut  they  wen?  of  utter  insiKnificancc. 
Then  a  hot  contest  arose  over  the  jxjsition  of  /inc  ore  under  the  terms  of 
the  Din^ley  tariff.  This  originated  with  tiie  im|)ortation  of  a  considerable 
(|Uantity  of  blende  from  British  ('oluinl)ia  in  l'.M)2,  which  incn'jiseij  in 
following;  years.  The  purchasers  entered  this  as  silver  ore,  free  of  <liity, 
or  JUS  lead  ore.  payinn  duty  on  the  small  lead  content.  In  ItH)')  the  smelters 
of  Kansas  lK»j;an  to  make  lar;:e  imi)orts  of  calamine  from  .Mexicci.  The 
producers  of  /inc  ore  in  Missouri  JK'ccmiinK  alarmed  at  this  foreign  com- 
petition .sou<;ht  to  put  a  stop  to  it.  They  first  induced  the  Trejisury 
(lepartment  to  order  that  blende  l>e  as.se.s.sed  at  20%  a<l  valoreu).  under 
the  clau.'^e  in  the  tariff,  covering  metallic  mineral  substances,  not  elsewhere 
sjx^cified.  which  was  effectual  in  excludin^  the  t'anadian  ore,  an<l  then 
secured  another  order  defining  calamine  as  hydrous  silicate  of  zinc  only, 
which  w(»uld  have  excluded  much  of  the  .Mexican  ore,  the  latter  l)einp  chiefly 
carlwinate.  At  this  the  smelters  entered  a  protest,  the  supply  of  Mexican 
ore  lx>inK  abundant  and  esjX'cially  desiral)le.  The  outcome  of  the  matter 
is  well  summed  up  in  the  followinj:  para^rajjlis  from  an  editorial  in  the 
Enginrtring  and  Mining  Journal  of  Feb.   l(i.   1*.K)7: 

"  In  the  matter  of  the  protests  of  various  smelters  against  an  order 
fixing  a  duty  on  /inc  ore  a  decision  was  made.  I'eitruary  '>.  by  the  IVtard 
()f  (leneral  Appraisers.  By  an  order  of  the  S'cn'tary  of  the  Tre;tsury, 
Keb.  10,  1006.  it  wjis  held  that  the  term  'calamine'  in  the  Dinpley  Tariff 
referred  only  to  the  hydrotis  silicate  of  /inc.  and  tiiat  sulphide  and  car- 
l>onatc  ores  were  dutiable  at  the  rate  of  20' ,'  ad  valonMu.  The  H4iar<l 
of  (icneral  Apprai.sers  has  completely  reversed  the  Trejusury  interpreta- 
tion of  the  law,  its  conclusion  Ijeing  that  the  carlM)nates  and  silicates  of 
zinc  are  included  within  the  meaning  of  the  term  calamine.  :\s  use»l  in 
the  Dinpley  Act,  and  con.seqtjently  are  free  of  duty,  while  the  stilphidc 
of  zinc  is  also  free  un<ler  paragraph  (ill  as  a  crude  tnineral  not  advanced 
in  value  by  any  process  of  manufacture.  subje<-t  to  the  qualification  that 
any  lead  contents  of  these  ores  are  dutiable  at  the  rate  of  1.')  c.  jier  lb., 
as  prescrilted  in  paragraph  ISI. 

"The  decision  as  to  calamine  wjis  a  ff>regone  conchision.  inasmuch 
a."*  anything  different  would  have  vietlate<l  the  accepted  commereial  and 
metallurgical  practice  of  a  centur>-.  jus  wjus  d«»ne  ignorantly  in  the  Treasury 
order  of  Feb,  10.  1906.     The  fact  that  mineralogLst«  had  a  more  recent 
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and  more  restricted  meaning  for  tiiis  term,  or  rather  some  mineralogists, 
l>ecause  among  mineralogists  there  were  confusion  and  difference  over 
the  matter,  could  not  rationally  be  allowed  to  supei*scde  the  ])rceniption 
of  the  term  by  metallurgists,  who  had  never  abandoned  it  from  their 
common  usage  or  lost  their  underetanding  of  it.  The  surprising  thing 
is  that  the  Government  should  have  considered  it  had  any  ground  for 
contest  on  this  point. 

"Commercially  this  is  the  more  important  part  of  the  recent  decision, 
inasmuch  as  the  bulk  of  the  importations  heretofore  have  been  of  cala- 
mine, but  the  more  remarkable  j)art  is  that  wliich  relates  to  ])lcnde.  It 
is  to  be  admitted  that  when  the  Dingley  Law  was  enacted  no  one  thought 
that  in  a  few  yeai-s  the  United  States  would  be  importing  zinc  blende, 
and  when  such  importations  were  begun  there  was  ground  for  the  belief 
that  blende  fell  under  the  '  catch-all '  paragraph,  providing  that  '  metallic 
mineral  substances'  in  a  crude  state,  not  elsewhere  specified,  should 
l^e  dutiable  at  20 /^  ad  valorem,  as  the  Secretary  of  the  Treasury  ordered. 
Now  the  Board  of  General  Appraisers,  guided  by  a  decision  of  the  Circuit 
Court  of  Appeals  in  what  is  considered  to  be  a  parallel  case,  holds  that  the 
phrase,  'metallic  mineral  substances'  applies  only  to  that  class  of  mineral 
substances  in  which  metal  appears  in  a  free  state,  such  as  the  ores  of  gold, 
silver,  and  copper.  Inasmuch  as  the  only  ores  of  the  above  character 
which  are  of  commercial  importance  are  those  of  gold,  silver,  and  copper, 
and  they  are  specifically  on  the  free  list,  this  clause  in  the  Dingley  Act 
under  the  recent  decision  becomes  meaningless." 

The  producers  of  zinc  ore  carried  the  case  to  the  U.  S.  Circuit  Court, 
which  on  April  22,  1908,  upheld  the  decision  of  the  Board  of  General 
Appraisers. 

The  first  mention  of  metallic  zinc  is  in  the  tariff  act  of  April  27,  1816, 
wherein  "zinc,  teutenague  or  spelter"  is  admitted  free  of  duty.  It  con- 
tinued on  the  free  list  until  the  Act  of  July  30,  1846,  when  spelter  was 
made  dutiable  at  the  rate  of  5%  ad  valorem,  and  sheet  zinc  at  15%.  The 
Act  of  March  3,  1857,  reduced  the  duty  on  spelter  to  4%  and  that  on  sheet 
zinc  to  12%.  Four  years  later,  by  the  Act  of  March  2,  1861,  the  duty 
on  spelter  was  fixed  at  1  c.  per  lb.  and  that  on  sheet  at  1.5  c.  per  lb.  It 
is  to  be  observed  that  this  increase  in  the  rate  was  practically  coincident 
with  the  beginning  of  spelter  production  in  the  United  States.  In  the 
Act  of  July  14,  1862,  the  rate  on  spelter  was  1.25  c.  per  lb.;  on  sheet  zinc, 
2  c.  per  lb.  The  Act  of  June  30,  1864,  further  raised  the  rates  to  1.5  c. 
and  2.25  c.  respectively.  These  rates  were  reduced  10%  by  the  Act  of 
June  6,  1872,  but  the  reduction  was  repealed  in  the  Act  of  March  3,  1875. 
The  rates  of  1.5  c.  on  spelter  and  2.25  c.  on  sheet  zinc  were  continued  in 
the  Act  of  March  3,  1883,  but  in  the  McKinley  tariff.  Act  of  Oct.  1,  1890, 
they  were  raised  to  1.75   c.    and  2.5  c.  per  lb.  respectively,  and  were 
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then  retluml  lo  1  <•.  uiul  l.'J')  c.  n'!<iic*rtiv«'ly  l»y  the  Art  «»f  Aii^.  '27,  IMM. 
Finally,  the  Uinjiicy  Act.  July  24,  1S<»7,  niiscil  the  rate  im  K|ifltcr  to 
1.5  c.  and  that  on  nhrot  zinc  to  2  c.  jier  Ih. 

In  the  zinc  in«lustry  i»f  the  I'nited  States,  the  lalxir  (|Uei4tion  has  lieen 
defttitute  uf  striking  feature.s.  The  zinc  ntiniiif;  and  Knieltin^  di»trirtM 
have  lieon  ivniarkal>ly  fn'e  fntni  strikes  and  disturl)ances.  The  only 
eniharras>inK  fa«tor  in  this  particular  h:is  U'cn  the  strikes  in  the  coal 
nnnes  of  Kansas,  whi<h  friMjuently  cut  ofT  the  fuel  supply  <»f  the  smelters 
and  then^hy  checked  sjx'lter  pnxiuction  and  created  market  (listurhancos. 
The  transfer  of  the  smelting  industry  to  the  natural  nas  field  eliminated 
this  source  of  tn)uhle.  lioth  in  the  mining  an<l  smelting  <listricts  the 
conditions  of  livinp  have  l»een  very  favoraMo  and  the  supply  of  lalnir 
has  l)een  ahundant  and  com|)aratively  cheap.  l"or  many  years  the  aver- 
age wage  in  the  smelting  works  was  alM)Ut  $2  per  day,  while  miners  in 
the  Joplin  district  received  $2  [vr  day.  and  conunon  lahor  all  around 
was  pai<l  %\.'A)  per  ten  hoiirs.  Since  I'.MKi  the  increased  demand  for  lahor 
has  materially  increju<e<l  the  rates  of  wages,  both  at  mines  and  smelters, 
l»ut  particularly  at  the  former. 

As  illa«<trative  of  the  increa.se  in  wages  in  .southwestern  Mi.'s»<ouri  the 
following  data  from  the  records  of  the  Granhy  Mining  and  Smelting  Co., 
which  I  owe  to  the  courtesy  of  .Mr.  Klijus  S.  (Jatch.  are  interesting. 
Previous  to  ISJKJ  the  wages  paid  to  miners  at  (irani»y  were  $(l.7")  to 
$1.2.')  per  day.  From  1S95  to  ISftS.  they  were  $1.2')  to  $1.7'>.  In 
1S<K)  VMi  they  had  ri.sen  to  $1.7")  to  $2;  and  in  HM):{-1«KH)  to  $2 
to  $2.')<).  The  nite  of  wages  at  (Jranby  is  u.«!ually  25  to  50  c.  |)er  day 
lower  than  at  Joplin. 
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